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DESCRIPTIVE  ANATOMY 


Descriptive  Anatomy  may  be  treated  of  in  two  methods  :  viz.,  the  Systematic 
and  the  Topographical. 

In  the  first  or  Systematic  Anatomy,  the  several  organs  and  parts  of  the  body  are 
considered  in  a  systematic  order,  according  to  their  structure,  their  connection  with 
each  other,  and  their  relation  to  the  purposes  of  life  ;  while  in  the  second,  or 
Topographical  Anatomy,  the  parts  are  described  in  the  order  of  their  position 
or  association  in  any  region  of  the  body.  The  first  method  is  best  adapted  for  the 
elementary  and  complete  study  of  the  structure  of  organs,  the  second  is  more 
immediately  useful  in  the  study  of  particular  regions  in  their  relation  to  Medicine 
and  Surgery.  The  object  of  the  present  work  being  mainly  to  serve  as  a  guide  for 
systematic  study,  the  topographical  details  will  for  the  most  part  be  included  under 
and  combined  with  the  general  description  of  organs,  and  only  some  of  the  more 
important  regions  will  receive  separate  notice. 

The  plan  of  construction  of  the  body  and  the  general  arrangement  of  its  chief 
parts  have  been  explained  in  the  Introduction  at  the  beginning  of  Volume  I.  The 
several  systems  and  regions  now  to  be  described  will  be  treated  of  under  the  following 
heads  : — 

1.  Osteology,  the  Bones. 

2.  Arthrology,  the  Articulations. 

3.  Myology,  the  Voluntary  Muscles,  with  which  will  be  combined  the  Fasciae  and 

Aponeuroses. 

4.  Angeiology,  the  Heart,  the  Blood-Vessels,  and  the  Lymphatics. 

5.  Neurology,  the  Spinal  Cord  and  Brain,  the  Nerves,  and  the  Organs  of  the 

Senses. 

6.  Splanchnology,  the  Organs  of  Respiration,  the  Organs  of  Digestion,  the 

Urinary  Organs,  and  the  Organs  of  Reproduction. 

7.  Superficial  Anatomy,  and  Topographical  Anatomy  of  some  Regions. 

Descriptive  terms. — In  anatomical  descriptions  the  body  is  always  supposed 
to  be  in  the  erect  attitude,  and  terms  of  relation  are  employed  strictly  with  reference 
to  this  position.  Thus,  superior  and  inferior  correspond  respectively  to  cephalic  and 
caudal ,  anterior  and  posterior  to  ventral  and  dorsal.  The  body  being  bilaterally 
symmetrical,  it  might  be  divided  into  similar  and  nearly  equal  halves  by  a  vertical 
plane  directed  from  before  backwards.  This  is  known  as  the  median  plane,  and  the 
line  along  which  the  median  plane  meets  the  surface  of  the  body  is  called  the  middle 
or  median  line.  The  words  internal  or  mesial  and  external  or  lateral  denote 
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respectively  nearer  to  or  farther  from  the  median  plane.  Sagittal  indicates  a  dorso- 
ventral  direction  in  or  parallel  to  the  median  plane,  and  coronal  or  frontal  a  direction 
perpendicular  to  the  foregoing  in  a  transverse  vertical  plane.  The  terms  superficial 
and  deep,  central  and  peripheral,  proximal  and  distal,  are  often  used,  and  need 
no  explanation.  In  many  cases  precision  may  be  obtained  by  reference  to  certain 
fixed  relations  of  parts,  such  as  the  vertebral  and  sternal  ends  of  the  ribs,  the  radial 
and  ulnar,  or  tibial  and  fibular  borders,  and  the  flexor  and  extensor  surfaces  of 
the  limbs.  Preaxial  and  postaxial,  applied,  for  instance,  to  parts  of  the  limb, 
signify,  respectively,  on  the  primitive  cephalic  or  caudal  aspect  of  the  axis  of 
the  member. 


OSTEOLOGY, 


By  Gr.  D.  THANE. 


THE  SKELETON. 

The  skeleton  or  solid  framework  of  the  body  is  mainly  formed  of  the  bones,  but 
is  completed  in  some  parts  by  the  addition  of  cartilages.  The  bones  are  bound 
together  by  means  of  ligaments,  and  are  so  disposed  as  to  support  the  softer  parts, 
protect  delicate  organs,  and  give  attachment  to  the  muscles  by  which  the  different 
movements  are  executed. 

In  the  lower  animals  the  term  skeleton  has  a  wider  signification  than  in  man, 
comprehending  two  sets  of  parts,  viz.,  1st,  those  of  the  endo skeleton,  or  the  deeper 
osseous  and  cartilaginous  framework  which  corresponds  to  the  human  skeleton  ;  and 
2nd,  those  of  the  exoslceleton ,  or  dermal  skeleton,  comprising  the  integument  and 
various  hardened  structures  connected  with  it.  All  vertebrate  animals  possess  an 
endoskeleton  ;  but  in  some  of  them  the  exoskeleton  attains  greater  proportions 
than  in  others,  and  is  combined  by  means  of  hardened  parts  more  fully  with  portions 
of  the  endoskeleton.  In  most  invertebrate  animals  the  dermal  or  exoskeleton  alone 
exists. 

In  man,  as  in  the  higher  vertebrates,  the  greater  part  of  the  endoskeleton  is 
formed  of  bone,  a  calcified  animal  tissue,  which,  when  freed  by  putrefactive  macera¬ 
tion  from  its  fat  and  various  soft  adherent  parts,  and  subsequently  dried,  is  capable 
of  remaining  unchanged  for  a  very  long  period  of  time.  It  is  customary  and  con¬ 
venient  thus  to  study  the  bones  chiefly  in  the  macerated  and  dried  state,  that  is, 
deprived  of  their  accessory  soft  parts. 

The  accessory  soft  parts  connected  with  the  fresh  bones  consist  chiefly  of  the 
external  fibrous  and  vascular  covering  termed  'periosteum,  and  of  the  medulla, 
marrow  or  fat,  which  fills  their  larger  internal  cavities.  The  bones  are  permeated 
by  blood-vessels,  and  they  are  provided  also  with  absorbent  vessels  and  with  nerves 
in  small  quantity. 

The  ends  of  the  bones,  when  jointed  moveably  with  others,  are  covered  by  a  thin 
layer  of  dense  permanent  cartilage,  called  articular  cartilage;  and  the  adjacent 
bones  are  united  together  by  fibrous  ligaments  which  may  be  considered  as  con¬ 
tinuous  with  the  periosteum  covering  the  rest  of  the  bones.  In  some  instances 
distinct  bones  are  directly  united  by  means  of  ligament  or  cartilage  without  any 
joint-cavity  intervening.  Thus  the  osseous  system  as  a  whole  may  be  considered  to 
be  enveloped  by  a  fibrous  covering. 

The  bones  are  originally  formed  by  a  process  termed  ossification  from  soft  sub¬ 
stance.  This  process  commences  in  the  greater  number  of  bones  in  cartilage  ;  in 
some  it  begins  in  fibrous  tissue  or  membrane  ;  and  in  all  instances  the  farther 
growth  of  the  bone  substance  takes  place  largely  in  the  latter  way.  The  deposit  of 
bone  begins  generally  at  one  spot,  which  is  therefore  called  the  primary  centre  of 
ossification  ;  but  there  may  be  several  of  these  from  the  first.  The  main  part  of  the 
bone  thus  formed  from  the  primary  centre  is  sometimes  named  the  diaphysis.  In 
most  bones,  after  considerable  advance  in  growth  by  extension  from  the  primary 
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centre,  ossification  occnrs  at  comparatively  later  periods  in  one  or  more  separate 
points,  forming  secondary  or  tertiary  centres  ;  and  the  portions  of  bones  so  formed, 
which  remain  united  to  the  main  part  for  a  time  by  intervening  cartilage,  are  termed 
epiphyses.  In  many  instances  entire  consolidation  of  the  bone  by  the  osseous  union 
of  the  epiphyses  does  not  take  place  till  the  full  size  has  been  attained,  and  this  may 
be  as  late  as  the  twenty-third  or  even  the  twenty-fifth  year  of  life. 

In  their  outward  form  the  bones  present  much  diversity,  but  have  been  reduced 
by  anatomists  to  the  following  classes  : — 1.  Long  or  cylindrical,  such  as  the  chief 
bones  of  the  limbs.  These  consist  of  a  body  or  shaft,  cylindrical  or  prismatic  in 
shape,  and  two  extremities  which  are  usually  thicker  than  the  shaft,  and  have  smooth 
cartilaginous  surfaces  for  articulation  with  neighbouring  bones.  The  shaft  is 
generally  hollow  and  filled  with  marrow,  by  which  sufficient  size  and  strength  are 
attained  without  undue  increase  of  weight.  2.  Tabular  or  flat  bones,  like  the 
scapula,  ilium,  and  the  bones  forming  the  roof  and  sides  of  the  skull.  3.  Short 
bones,  which  are  more  or  less  cubical  or  oblong,  as  in  the  carpus  and  tarsus. 
4.  Irregular  or  mixed  bones,  mostly  situated  symmetrically  across  the  median  plane 
of  the  body,  and  often  of  a  complex  figure,  such  as  the  vertebrae 

In  these  differently  shaped  bones  the  osseous  substance  occurs  in  two  forms,  viz.,  the 
compact  and  the  spongy.  There  is,  however,  no  essential  difference  in  structure  or  properties 
between  these  beyond  that  of  thickness  or  thinness  of  the  component  material. 

The  surfaces  of  bones  present  various  eminences,  depressions,  and  other  marks,  to  designate 
which  the  following  terms  are  in  common  use.  Any  marked  bony  prominence  is  called  a 
process  or  apophysis ;  a  slender,  sharp,  or  pointed  eminence  is  named  a  spine ,  or  spinous 
process  ;  a  blunt  one  a  tubercle  ;  a  broad  and  rough  one  a  tuberosity.  The  terms  crest,  line , 
and  ridge  are  usually  applied  to  a  prominent  border,  or  to  an  elevation  running  some  way 
along  the  surface  of  a  bone.  A  head  (caput,  capitulum,  or  capitellum)  is  a  rounded  process 
usually  supported  on  a  narrower  part  named  the  neck  (cervix).  The  term  condyle ,  somewhat 
variously  applied  by  anatomists,  is  most  frequently  employed  to  denote  an  eminence  bearing 
a  rounded  articular  surface. 

The  cavities  and  depressions  of  bones  are  very  variously  named.  An  aperture  or  perfora¬ 
tion,  when  short,  is  a  foramen ;  when  continued  some  way  as  a  passage  it  is  a  canal  or 
meatus.  A  narrow  slit  is  a  fissure ,  an  open  excavation  or  hollow  in  one  bone  or  in  several 
together  is  a  fossa.  This  term  is  also  sometimes  applied  to  the  socket  of  a  joint,  as  in  the 
glenoid  or  shallower,  and  the  cotyloid  or  deeper  form  of  joint-cavity.  Sinus  and  antrum  are 
names  applied  to  considerable  cavities  in  the  interior  of  certain  bones.  Besides  these,  various 
•other  terms  are  employed  which  do  not  require  explanation,  such  as  notch  (incisura),  groove , 
furrow  (sulcus),  &c. 

The  number  of  bones  in  the  skeleton  varies  at  different  periods  of  life,  some 
which  are  originally  distinct  becoming  united  together  as  the  process  of  ossification 
advances.  The  following  is  a  statement  of  the  number  usually  reckoned  as  distinct 
in  middle  life  : — 


( 

f  The  vertebral  column 

Single  bones. 

.  26 

Pairs. 

Total. 

26 

Axial  J 

1  The  skull 

.  6 

8 

22 

Skeleton.  ] 

|  The  hyoid  bone 

1 

1 

v  The  ribs  and  sternum 

1 

12 

25 

Appendicular  j 

f  The  upper  limbs 

32 

64 

Skeleton. 

t  The  lower  limbs 

. 

31 

62 

34 

83 

200 

Besides  the  bones  included  in  the  above  enumeration,  there  exist  likewise  the  three 
pairs  of. auditory  ossicles,  and  various  bones  formed  in  tendons  and  called  sesamoid , 
the  most  constant  of  which  are,  besides  the  patella  and  pisiform  bone,  reckoned  in 
'the  table  above  as  limb-bones,  a  pair  in  each  thumb  and  great  toe. 
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I.— THE  VERTEBRAL  COLUMN 

The  vertebral  column  is  composed  of  a  series  of  bones  called  vertebra,  which  are 
united  together,  for  the  most  part,  by  joints  and  elastic  substance  in  such  a  manner 
that,  although  the  amount  of  motion  allowed  between  each  pair  is  slight,  the 
aggregate  is  sufficient  to  give  the  column  very  considerable  flexibility.  The  vertebra 
are  originally  thirty-three  in  number.  Of  these,  the  upper  twenty-four  remain 
separate  in  the  adult,  retaining  their  mobility,  and  are  hence  called  moveable  or  true 
vertebrae.  They  are  succeeded  by  five  others,  which  rapidly  diminish  in  size  from 
above  downwards,  and  which  are  united  into  one  mass  called  the  sacrum ;  beyond 
the  sacrum  are  four  dwindled  terminal  members  of  the  series,  which  as  age 
advances,  likewise  become  more  or  less  united,  and  form  the  coccyx.  These  sacral 
and  coccygeal  vertebrae  are  known  as  the  fixed  or  false  vertebrae. 

General  characters  of  the  vertebrae. — The  general  characters  are  best  seen 
in  the  vertebrae  placed  near  the 
middle  of  the  column,  of  which 
the  tenth  dorsal  vetebra,  shown 
in  fig.  1,  may  serve  as  an  example. 

Each  has  more  or  less  the  form  of 
a  ring,  and  presents  for  considera¬ 
tion  a  body,  arch,  processes,  and 
the  enclosed  spinal  foramen. 

The  body  or  centrum  is  a  short 
cylinder  or  disc,  which  forms  the 
anterior  part  of  the  vertebra.  Its 
superior  and  inferior  surfaces  are 
flattened  and  connected  to  the 
next  vertebrae  by  strong  and  elas¬ 
tic  intervertebral  discs.  On  the 
front  and  sides  it  is  convex  hori¬ 
zontally,  but  slightly  concave 
from  above  downwards  ;  its  pos¬ 
terior  surface  forms  part  of  the 
ring,  and  is  slightly  concave  from 
side  to  side.  These  vertical 
surfaces  are  pierced  by  numerous 
small  foramina  for  the  passage 
of  blood-vessels,  and  near  the  middle  of  the  posterior  surface  are  one  or  two  much 
larger  than  the  others. 

The  arch  ( neural )  consists  of  two  symmetrical  portions  which  spring,  one  on  each 
side,  from  the  posterior  surface  of  the  body,  and  meet  in  the  median  plane  behind. 
The  anterior  part  of  each  half,  thick  and  narrow,  is  called  the  pedkle  ,*  the  posterior 
part  is  broad  and  flat,  and  is  called  the  lamina.  The  concavities  on  the  upper  and 
lower  borders  of  the  pedicles  are  named  vertebral  notches  (fig.  2,  B),  and  consti¬ 
tute,  by  the  apposition  of  those  of  contiguous  vertebrae,  the  intervertebral  foramina, 
a  series  of  rounded  apertures,  which  communicate  with  the  vertebral  canal,  and 
transmit  the  spinal  nerves  and  blood-vessels. 

The  spinous  process  (neural  spine)  projects  backwards  from  the  arch  in  the 
median  plane.  The  transverse  processes,  placed  one  on  each  side,  project  outwards 
from  the  arch  at  the  junction  of  the  pedicle  with  the  lamina.  The  articular  pro¬ 
cesses  (zygapophyses),  two  superior  and  two  inferior,  project  upwards  and  downwards 
opposite  the  attachment  of  the  transverse  processes  ;  their  articular  surfaces,  coated 


Fig.  1. — Tenth  dorsal  vertebra,  from  above.  (Drawn 
by  D.  Gann.) 
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with  cartilage,  in  the  superior  pair  look  backwards,  and  in  the  inferior  forwards,  so 
that  thei  former  face  The  latter  in  adjoining  vertebras. 

The  foramen  is  bounded  anteriorly  by  the  body,  posteriorly  and  laterally  by  the 
arch.  The  series  of  rings  thus  formed,  united  by  ligaments,  constitutes  the  spinal 
or  neural  canal,  which  lodges  the  spinal  cord. 

Texture. — The  bodies  of  the  vertebrae  are  almost  entirely  composed  of  spongy  substance, 
the  principal  lamellae  being  vertical ;  on  the  surface  is  a  thin  layer  of  compact  tissue. 
Venous  canals,  commencing  at  the  larger  foramina  behind,  traverse  the  cancellated  structure. 
The  arch  and  processes  contain  a  much  smaller  proportion  of  spongy  substance,  being  covered 
with  compact  tissue  of  considerable  density  in  some  places. 


GROUPS  OP  VERTEBRiE. 


The  vertebrae  are  divided  into  five  groups,  named  from  the  regions  which  they 
occupy,  cervical,  dorsal,  lumbar,  sacral ,  and  coccygeal. 

Cervical  vertebrae. — These  are  seven  in  number  ;  they  are  the  smallest  of  the 

moveable  vertebrae,  and  are  spe¬ 
cially  characterized  by  the  pre¬ 
sence  of  foramina  in  the  trans¬ 
verse  processes.  The  first  and 
second  are  so  peculiar  in  form, 
as  to  require  a  separate  descrip¬ 
tion.  The  following  are  the 
common  characters  of  a  cervical 
vertebra. 

The  body  is  small,  and  much 
broader  from  side  to  side  than 
from  before  backwards  ;  in  depth 
nearly  the  same  in  front  and 
behind.  Its  upper  surface  is  trans¬ 
versely  concave  from  the  upward 
projection  of  its  lateral  margins, 
and  is  sloped  down  in  front.  The 
under  surface,  on  the  contrary, 
is  rounded  off  at  the  sides,  while 
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Fig.  2. — Fourth  cervical  vertebra  :  A,  from  above 
B,  from  the  right  side.  (Drawn  by  D.  Gunn. ) 


its  anterior  margin  forms  a  marked 
projection  downwards. 

The  pedicles  spring  from  the 
body  about  midway  between  the 
upper  and  lower  borders,  and  are  directed  outwards  and  backwards  ;  the  lamincc  are 
slender,  long  and  flat.  The  superior  and  inferior  notches  are  nearly  equal  in  depth. 

The  spinous  process  is  short,  only  slightly  depressed,  and  bifid. 

The  tranverse  processes  are  short,  and  present  at  their  extremities  two  tubercles, 
anterior  and  posterior.  Each  process  is  deeply  grooved  above  for  a  spinal  nerve,  and 
its  base  is  perforated  vertically  by  a  round  foramen  (vertebrarterial),  through  which 
in  the  upper  six  the  vertebral  artery  and  vein  pass.  It  is  united  with  the  rest  of  the 
vertebra  by  two  parts  ;  by  the  posterior,  at  the  place  of  junction  of  the  pedicle  and 
lamina,  like  a  dorsal  transverse  process  ;  by  the  anterior,  to  the  body  of  the  vertebra, 
in  the  same  position  as  the  heads  of  the  ribs. 

The  articular  processes  are  placed  at  the  extremities  of  a  short,  stout,  vertical 
column  of  bone  ;  their  articular  surfaces  are  nearly  flat  and  oblique,  the  superior 
looking  backwards  and  upwards,  the  inferior  forwards  and  downwards. 
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The  foramen  is  triangular,  with  rounded  angles,  and  larger  than  in  the  dorsal  or 
lumbar  vertebras. 

The  first  cervical  vertebra,  or  atlas,  differs  remarkably  from  the  others  in 
the  absence  of  a  body  and  spinous  process,  having  the  form  merely  of  a  large  ring 
with  articular  and  transverse  processes. 

The  interior  of  the  ring  is  wider  behind  than  in  front.  Its  posterior  part  cor- 


ODONTOID  PROCESS 


Fig.  3. — Atlas  and  axis,  prom  before.  (Drawn  by  D.  Gunn.) 


responds  to  the  foramina  of  the  other  vertebras  ;  its  narrower  anterior  part  is 
occupied  by  the  odontoid  process  of  the  axis,  and  in  the  recent  state  is  separated 
from  the  posterior  by  the  transverse  ligament.  In  front  of  the  ring  is  the  anterior 
arch,  on  the  anterior  aspect  of  which  is  a  small  tubercle,  and  on  the  posterior  a 
smooth  surface  for  articulation  with  the  odontoid  process.  At  the  sides  of  the  ring 
are  the  lateral  masses,  which  are  thick  and  strong,  bearing  the  articular  processes 
above  and  below,  and  extending  outwards  into  the  transverse  processes.  The  articular 
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Fig.  4.— Atlas,  from  above.  (Drawn  by  D.  Gunn.) 

The  position  of  the  transverse  ligament  is  indicated  by  dotted  lines. 


processes  differ  from  those  of  other  vertebra  in  being  situated  in  front  of  the  places 
of  exit  of  the  nerves.  The  superior,  larger  than  the  inferior,  are  oval,  and  converge 
in  front-  their  articular  surfaces  are  concave  for  the  reception  of  the  condyles  of 
the  occipital  bone,  and  look  upwards  and  inwards  ;  they  are  frequently  divided  by  a 
transverse  groove  into  two.  Below  the  inner  margin  of  each,  towards  the  front,  is  a 
smooth  rounded  tubercle,  to  which  the  transverse  ligament  is  attached.  The  inferior 
articular  processes  are  smaller  than  the  superior,  flat,  nearly  circular,  looking  down¬ 
wards  and  slightly  inwards.  ,  ,  .  ..  , 

The  posterior  arch  presents  in  the  middle  line  a  rough  elevation,  the  rudiment  of 
a  spinous  process  ;  at  its  junction  with  the  lateral  masses,  it  is  hollowed  out  anove 
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so  as  to  form  a  smooth  transverse  groove— the  vertebral  groove ,  in  which  lie  the  verte  ¬ 
bral  artery  and  first  spinal  (snboccipital)  nerve  ;  the  groove  corresponds  to  the 
superior  notches  of  the  other  vertebrae. 

The  transverse  processes  are  larger  and  project  farther  outwards  than  those  ot  the 
subjacent  vertebrae.  They  are  flattened  from  above  downwards,  and  have  a  large 
foramen.  Their  extremities  are  not  bifid,  but  broad  and  rough. 

Varieties  —The  posterior  arch  of  the  atlas  is  sometimes  imperfect,  the  gap  in  the  hone 
beino-  bridged  across  by  a  fibrous  band.  A  similar  defect  in  the  anterior  arch  is  comparatively 
rare &  but  its  complete  absence  has  been  observed.1  The  transverse  process,  especially  the 
anterior  bar  may  also  be  the  seat  of  defective  ossification,  and  the  foramen  of  the  vertebral 
artery  is  then  completed  by  ligament.  A  bony  arch  over  the  vertebral  groove  is  frequently  met 
with.  Less  common  is  the  formation  of  a  canal  for  the  vertebral  artery  on  the  outer  side  of 
the  superior  articular  process. 

The  second  vertebra  or  axis  (vert,  dentata)  forms  a  pivot  on  which  the 
first  vertebra  rotates  carrying  the  head. 

The  body  is  characterized  by  the  presence  of  a  large  blunt  tooth-like  process  called 


Fig.  5. — Axis,  from  the  right  side.  (Drawn  Fig.  6. — Seventh  cervical  vertebra,  from 
by  D.  Gunn.)  above.  (Drawn  by  D.  Gunn.) 


odontoid  (proc.  dentatus).  This  consists  of  an  enlarged  part  termed  the  head,  and  a 
lower  part  or  neck.  It  has  in  front  a  smooth  surface  for  articulation  with  the 
atlas,  and  behind  a  smooth  groove  to  receive  the  transverse  ligament.  The  lower 
surface  of  the  body  resembles  that  of  the  succeeding  vertebrae.  Its  anterior  surface 
is  marked  by  a  low  median  vertical  ridge,  with  a  depression  on  each  side. 

The  superior  articular  surfaces,  placed  like  those  of  the  atlas  in  front  of  the  notch, 
lie  close  to  the  base  of  the  odontoid  process,  partly  on  the  body  and  partly  on  the 
pedicles  of  the  vertebra.  These  surfaces  look  upwards  and  slightly  outwards.  The 
inferior  articular  processes  are  similar  in  form  and  position  to  those  of  the  succeeding 
vertebrae. 

The  spinous  process  is  very  large,  rough,  deeply  bifid,  and  grooved  on  its  inferior 
surface.  The  lamince  are  very  thick  and  strong. 

The  transverse  processes  are  short,  and  the  anterior  tubercle  almost  obsolete.  The 
foramen  for  the  vertebral  artery  is  inclined  obliquely  upwards  and  outwards. 

The'  seventh,  cervical  vertebra  has  a  long  spinous  process,  which  is  not 
bifurcated,  but  ends  in  a  broad  tubercle  projecting  under  the  skin,  whence  the  name 


1  Dwight,  Journ.  Anat.,  xxi,  539. 
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of  vertebra  prominens  has  been 
given  to  this  bone.  The  transverse 
processes  are  massive,  and  only 
slightly  grooved,  with  a  small  fora¬ 
men  ;  their  posterior  tubercle  is 
large  and  prominent,  while  the 
anterior  is  but  faintly  marked. 

In  most  cases  tlie  spinous  process  of 
the  sixth  cervical  vertebra  is  also  un¬ 
divided  ;  and  in  the  dark  races  of  man 
the  spinous  processes  of  the  third,  fourth 
and  fifth  vertebrae  are  more  frequently 
simple  than  bifid.  (D.  J.  Cunningham, 

Journ.  Anat.,  xx,  637.) 

Borsal  or  thoracic  vertebrae. 

— These  are  twelve  in  number,  and 
support  the  ribs. 

The  body  as  seen  from  above  is 
somewhat  heart-shaped  ;  its  antero¬ 
posterior  and  transverse  diameters 
are  nearly  equal ;  its  depth  is  greater 
behind  than  before. 

It  is  specially  characterized  by 
the  presence,  at  the  place  where  it 
joins  the  arch,  of  articular  surfaces 
for  the  heads  of  ribs.  In  the  greater 
number  of  instances  there  are  two 
costal  surfaces  on  each  side, — one  at 
the  upper,  the  other  at  the  lower 
border,  — so  placed  that  each  com¬ 
pletes,  with  that  of  the  adjacent 
vertebra,  a  cavity  for  the  head  of 
one  rib. 

The  laminae,  broad  and  flat,  are 
imbricated  or  sloped  one  pair  over 
another  like  tiles  on  a  roof.  The 
superior  notches  are  very  shallow, 
the  inferior  deep. 

The  spinous  process ,  described  as 
bayonet-shaped,  is  three-sided,  and 
terminates  in  a  slight  tubercle.  It 
is  longest  and  has  the  greatest 
downward  inclination  in  those  to¬ 
ward  the  middle  of  the  series. 

The  transverse  processes  are 
strong,  directed  outwards  and  back¬ 
wards,  and  terminate  in  a  rough 
knob  which  presents  anteriorly  a  smooth  surface  for  articulation  with  the  tuberosity 
of  a  rib. 

The  articular  processes  have  their  cartilaginous  surfaces  nearly  vertical.  Those 
of  the  superior  processes  look  backwards,  slightly  upwards  and  outwards  ;  those  of 
the  inferior  look  forwards,  slightly  downwards  and  inwards. 


Fig.  7. — Sixth  dorsal  vertebra  :  A,  from 

ABOVE  ;  B,  FROM  THE  RIGHT  SIDE. 
(Drawn  by  D.  Gunn.) 


Fig.  8. — First  dorsal  vertebra,  from  the  right 
side.  (Drawn  by  D.  Gunn.) 
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The  foramen  is  nearly  circular,  and  is  smaller  than  in  the  cervical  or  the  lumbar 
region. 

The  first,  tenth,  eleventh,  and  twelfth  dorsal  vertebrae  present  certain  characters 
by  which  they  may  be  individually  distinguished. 

The  first  dorsal  vertebra  in  its  general  conformation  approaches  very  closely 


Fig.  9. — Ninth,  tenth,  eleventh,  and  twelfth  dorsal,  and  first  lumbar  vertebrae,  from 
the  right  side.  (Drawn  by  D.  Gunn.) 

the  seventh  cervical.  The  body  is  elongated  transversely  and  concave  on  the  upper 
surface  ;  the  superior  vertebral  notches  are  of  considerable  depth  ;  the  upper  articular 
surfaces  are  oblique  ;  and  the  spinous  process  is  long  and  nearly  horizontal.  On 
each  side,  of  the  body  is  a  circular  facet  close  to  the  upper  border  for  the  first 
rib,  and  a  very  small  facet  below  for  the  second. 

The  tenth  dorsal  vertebra  touches  only  one  rib  on  each  side,  and  has  a 
single  nearly  complete  articular  surface,  mainly  on  the  pedicle.  There  is  usually 
a  small  facet  on  the  transverse  process. 
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The  eleventh  dorsal  vertebra  has  a  complete  articular  surface  on  each  side 
for  the  head  of  the  rib,  but  no  facet  on  the  transverse  process. 

The  twelfth  dorsal  vertebra  has  also  only  a  single  facet  on  each  side ;  the 
inferior  articular  processes  have  their  surfaces  turned  outwards,  resembling  those  of 
a  lumbar  vertebra  ;  the  transverse  processes  are  short  and  present  three  elevations, 
the  external ,  superior ,  and  inferior  tubercles ,  which  correspond  to  the  transverse, 
mamillary,  and  accessory  processes  of  the  lumbar  vertebrae.  Indications  of  these 
tubercles  may  often  be  seen  also  upon  the  tenth  and  eleventh  vertebrae. 

Varieties. — The  ninth  dorsal  vertebra  frequently  wants  the  lower  facet  on  the  side  of  the 
body.  The  tenth  dorsal  vertebra  sometimes  has  no  facet  on  the  transverse  process.  The 
change  from  the  dorsal  to  the  lumbar  type  of  articular  processes  occasionally  takes  place 
between  the  eleventh  and  twelfth  dorsal  vertebras. 

Lumbar  vertebrae. — These  are  five  in  number,  the  largest  of  the  moveable 
•vertebrae,  and  are  distinguished  by  the  absence  of  costal  articular  surfaces. 

The  body  has  a  greater  diameter  transversely  than  from  before  backwards, 


Fig.  10.— Third  lumbar  vertebra,  from  above.  (Drawn  by  D.  Gunn.) 


-and  viewed  from  above  or  below  its  surface  presents  a  reniform  outline  ;  the  depth  is 
generally  slightly  greater  in  front  than  behind. 

The  lamince  are  shorter,  deeper,  and  thicker  than  those  of  the  dorsal  vertebra?. 
The  superior  notches  are  shallow,  the  inferior  deep. 

The  spinous  process  projects  horizontally  backwards.  It  has  considerable  breadth 
from  above  downwards,  and  is  thickened  and  rough  along  its  posterior  edge. 

The  transverse  processes ,  slender  and  somewhat  spatula-shaped,  project  directly 
outwards  ;  they  are  shortest  in  the  first,  longest  in  the  third  vertebra.  Their 
extremities  lie  in  series  with  the  external  tubercles  of  the  lower  dorsal  transverse 
processes,  and  with  the  ribs.  Behind  each  at  its  base  is  a  small  process  pointing 
downwards,  which  corresponds  to  the  inferior  tubercle  of  the  dorsal  transverse 
process,  and  is  called  the  accessory  process  (anapopliysis). 

The  articular  processes  are  thick  and  strong.  Their  articular  surfaces  are  vertical ; 
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the  superior,  concave,  look  backwards  and  inwards;  the  inferior,  convex,  look  forwards 
and  outwards.  The  superior  pair  are  farther  apart  than  the  inferior,  and  embrace 
the  inferior  pair  of  the  vertebra  above  them.  From  each  superior  articular  process 
a  tubercle  projects  backwards,  which  corresponds  to  the  superior  tubercle  of  the 
dorsal  transverse  process,  and  is  called  the  mamillary  process  (metapophysis). 

The  foramen  is  large  and  triangular,  or  widely  lozenge-shaped. 

The  fifth  lumbar  vertebra  is  massive,  the  body  is  much  deeper  in  front  than 
behind,  the  transverse  processes  are  broad  and  conical,  the  lower  articular  processes 
are  wider  apart  than  the  upper,  and  the  laminae  project  into  the  spinal  foramen  on 
each  side. 

While  in  the  European  the  bodies  of  the  lumbar  vertebrae  are  collectively  deeper  in  front 
than  behind,  in  conformity  with  the  curvature  of  this  part  of  the  column,  the  individual 


Fig.  11. — Fifth  lumbar  vertebra,  from  above.  (Drawn  by  D.  Gunn.) 


segments  show  some  difference  in  this  respect.  Thus,  the  first  lumbar  vertebra  is  deeper 
behind  than  in  front  ;  in  the  second  the  anterior  and  posterior  vertical  diameters  are  nearly 
equal  ;  and  the  third,  fourth  and  fifth  are  characterized  by  a  preponderance  of  the  anterior 
depth,  which  increases  progressively  from  above  downwards.  In  the  dark  races  of  man 
(Australian,  Bushman,  Andamanese,  Negro)  the  depth  of  the  five  lumbar  bodies  together  is 
greater  behind  than  in  front,  and  the  fifth  is  the  only  one  in  which  the  anterior  depth  notably 
exceeds  the  posterior.  It  does  not  appear  probable,  however,  that  this  conformation  of  the 
vertebral  bodies  is  accompanied  by  a  less  marked  degree  of  lumbar  curvature,  since  the  latter 
is  determined  mainly  by  the  intervertebral  discs.  (W.  Turner,  Journ.  Anat.,  xx,  and 
“  Challenger  ”  Reports,  Zoology,  xvi  ;  D.  J.  Cunningham,  “  The  Lumbar  Curve  in  Man  and 
Apes,”  Dublin,  1886,  and  Proc.  Roy.  Soc.,  1889.) 

Varieties  in.  number  of  the  moveable  vertebrae. — The  number  of  the  cervical  vertebrae 
is  remarkably  constant.  The  dorsal  and  lumbar  vertebrae  may  vary  reciprocally,  the  total 
remaining  the  same,  according  to  the  number  of  ribs  present.  Thus,  if  there  are  only  eleven 
pairs  of  thoracic  ribs,  the  twelfth  vertebra  will  have  lumbar  characters ;  while  in  the  more 
frequent  case  of  a  thirteenth  pair  of  ribs  being  developed,  the  corresponding  vertebra  might 
be  regarded  as  dorsal,  although,  in  general  conformation,  it  usually  more  resembles  the 
lumbar  type.  The  whole  number  of  true  vertebrae  may  be  diminished  or  increased  by  one. 
In  the  former  state  the  first  sacral  vertebra  will  be  the  24th,  as  is  the  case  generally  in  the 
orang,  and,  if  the  number  of  the  ribs  remain  normal,  there  will  be  only  four  lumbar  vertebrae. 
In  the  case  of  increase,  the  first  vertebra  to  articulate  with  the  hip-bone  will  be  the  26th,  and 
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there  may  be  twelve  dorsal  and  six  lumbar  vertebrae,  or  thirteen  dorsal  and  five  lumbar. 
Sometimes  an  intermediate  or  transitional  form  is  met  with,  as  in  the  so-called  lumbosacral 
vertebra,  in  which  one  side  is  united  to  the  sacrum,  while  the  other  has  a  free  transverse 
process  (fig.  23,  11)  ;  such  a  vertebra  may  be  the  24th  or  25th.  The  study  of  the  development 
of  the  vertebral  column  throws  light  on  the  origin  of  these  varieties.  It  appears  from  the 
researches  of  Rosenberg  that  in  the  foetus  the  26th  vertebra  is  originally  the  first  sacral,  and 
that  in  the  course  of  growth  the  hip-bones  move  headwards  so  as  to  become  attached 
also  to  the  25th,  which  consequently  becomes  incorporated  in  the  sacrum.  This  shifting 
may  proceed  farther,  so  that  the  24th  vertebra  is  included  ;  or  it  may  be  unsymmetrical, 
giving  rise  to  a  lumbo-sacral  vertebra.  Similarly,  a  thirteenth  rib  arises  from  the 
persistence  and  growth  of  a  cartilaginous  rudiment  which  is  regularly  present  in  the 
embryo,  but  usually  becomes  incorporated  in  the  transverse  process  of  the  first  lumbar 
vertebra.  (J.  Struthers,  “  Variations  of  Ribs  and  Vertebrae,”  Joum.  Anat.,  ix ;  P.  Topinard, 
“  Anomalies  de  nombre  de  la  colonne  vertebrate,”  Rev.  d’Anthropol.,  1877  ;  E.  Rosenberg, 
“  Entwickelung  der  Wirbelsaule,”  Morph.  Jahrb.,  i.) 


Fig.  12. — The  sacrum,  from  before. 


(Drawn  by  D.  Gunn.)  § 


Sacral  vertebrae. — These  by  their  union  in  the  adult  form  the  os  sacrum ,  but 
in  youth  they  present  the  elements  of  five  distinct  vertebrae.  The  sacrum  is  placed 
below  the  last  lumbar  vertebra,  and  articulates  laterally  with  the  two  hip-bones, 
thus  completing,  together  with  the  coccyx,  the  wall  of  the  pelvis  above  and  behind. 
The  uppermost  vertebra  is  the  largest,  those  which  follow  become  rapidly  smaller,  and 
the  fifth  is  rudimentary.  Hence  the  sacrum  has  the  form  of  a  triangle  with  its 
base  directed  upwards.  It  is  concave  and  smooth  in  front,  convex  and  uneven 
behind.  The  direction  of  its  surfaces  is  very  oblique,  its  ventral  aspect  looking 
considerably  downwards,  and  forming  above,  at  the  place  where  it  joins  the  last 
lumbar  vertebra,  the  projection  termed  the  promontory.  The  dorsal  or  posterior 
surface  looks  upwards  as  well  as  backwards. 

The  ventral  surface  is  concave  from  above  downwards,  and  slightly  so  from  side 
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to  side.  It  is  traversed  horizontally  by  four  ridges,  which  indicate  the  places  of 
union  of  the  bodies  of  the  five  sacral  vertebras,  and  at  the  extremities  of  which  are 
situated  on  each  side  four  foramina  called  anterior  sacral.  These  foramina  lead 
externally  into  grooves,  and  diminish  in  size  from  above  downwards. 

The  dorsal  surface  is  convex,  very  uneven,  and  somewhat  narrower  than  the 
ventral.  It  presents  along  the  median  line  three  or  four  small  eminences,  the 
spinous  processes,  usually  more  or  less  connected,  so  as  to  form  a  ridge.  Below  the 
spinous  process  is  a  triangular  opening,  the  termination  of  the  spinal  canal,  the 
lateral  margins  of  which  are  formed  by  the  imperfect  laminae  of  the  fourth  and  fifth 
sacral  vertebrae,  and  are  produced  downwards  into  a  pair  of  tubercles,  the  sacral 

UPPER  APERTURE  OP  SACRAL  CANAL 


LOWER  APERTURE  OP  SACRAL.  CANAL 

Fig.  13. — The  sacrum,  prom  behind.  (Drawn  by  D.  Grunn.)  § 


cornua ,  which  represent  the  inferior  articular  processes  of  the  last  sacral  vertebra,, 
and  are  connected  to  the  cornua  of  the  coccyx.  On  each  side  of  the  ridge  of  spines 
the  surface  formed  by  the  united  laminae  is  slightly  hollowed,  thus  giving  rise  to 
the  sacral  groove ,  which  prolongs  the  vertebral  groove  of  the  moveable  part  of  the 
column  ;  and  beyond  this  are  the  four  posterior  sacral  foramina ,  opposite  to,  but 
smaller  than  the  anterior.  Immediately  internal  to  each  foramen  is  a  slight 
eminence,  which  represents  the  articular  and  mamillary  processes  of  the  vertebrae 
above,  while  external  to  the  foramen  a  more  strongly  marked  elevation  corresponds 
to  the  transverse  process. 

The  part  of  the  sacrum  external  to  the  foramina  constitutes  the  lateral  mass ,  and 
is  broad  and  thick  above,  but  narrowed  below.  The  outer  aspect  of  the  upper  part 
presents  in  front  a  large  uneven  surface,  covered  in  the  recent  state  with  cartilage, 
which  articulates  with  the  ilium,  and  is  called  from  its  shape  the  auricular  surface  : 
behind  this  the  bone  is  rough  and  marked  with  strong  depressions  for  the  attachment 
of  ligaments.  Lower  down,  the  margin  becomes  narrowed  and  sinuous,  terminating  in. 
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the  projection  called  the  inferior  lateral  angle ,  below  which  the  breadth  of  the  bone 
is  suddenly  contracted  so  as  to  form  a  notch  with  the  adjacent  part  of  the  coccyx. 

The  base ,  or  upper  surface  of  the  first  sacral  vertebra,  bears  considerable 

resemblance  to  the 
upper  surface  of 
the  last  lumbar 
(fig.  23,  9  and  10). 
In  the  middle  it 
presents  the  reni- 
form  surface  of 
the  body,  behind 
which  is  the  tri¬ 
angular  aperture 
of  the  sacral  canal,, 
bounded  by  the 
depressed  laminae. 
On  each  side  of  the 
aperture  is  an  arti¬ 
cular  process,  simi- 
supenor  process  ot  a  lumbar  vertebra,  but 
of  large  size,  and  bearing  a  well-developed  mamillary 
process.  In  front  of  this  is  a  groove  which  forms  with 
the  lower  notch  of  the  last  lumbar  vertebra  an  inter¬ 
vertebral  foramen.  The  external  portion  of  the  base 
presents  posteriorly  an  eminence  corresponding  to  the 
transverse  process,  and  in  front  of  that  a 
triangular  smooth  surface,  continuous  with  the  iliac  fossa 
of  the  hip-bone,  and  known  as  the  ala  of  the  sacrum. 

The  lower  end  or  apex,  formed  by  the  small  inferior 
surface  of  the  body  of  the  fifth  sacral  vertebra,  is  trans¬ 
versely  oval,  and  articulates  with  the  coccyx. 

The  sacral  canal  is  curved  with  the  bone,  and  gra¬ 
dually  narrows  as  it  descends  ;  in  transverse  section 
it  is  three-sided  above,  but  flattened  and  rather  semi¬ 
lunar  below.  It  terminates  on  the  posterior  surface  of 
the  bone  between  the  sacral  cornua,  where  the  laminae 
of  the  last  two  sacral  vertebrae  are 
imperfect.  From  this  canal  there 
pass  outwards  in  the  substance  of 
the  bone  four  pairs  of  interverte¬ 
bral  foramina,  closed  externally 
by  the  lateral  masses,  but  opening 
on  the  surfaces  by  the  anterior 
and  posterior  sacral  foramina. 

The  sacrum  of  the  female  is 
broader  in  proportion  to  its  length, 
and  usually  flatter  than  that  of  the 
male  ;  but  the  curvature  varies 
greatly  in  different  skeletons. 

^he  sacrum  of  man  is  charac¬ 
terized  by  its  great  breadth  in  comparison  with  its  length. 

the  sacral  index 


Fig.  14.--Sacrum  and 

PROM  THE  RIGHT  SIDE, 
by  D.  Gunn.)  § 


COCCYX, 

(Drawn 


Fig.  15.  —  Transverse  section  op  sacrum,  passing 

THROUGH  THE  FIRST  PAIR  OP  FORAMINA.  (Gr.  D.  T. )  ^ 


This  proportion  is  expressed  by 

..  „  „  .  .  .  100  X  breadth 

which  is  ascertained  by  the  following  calculation, 


The 


average  sacral  index  in  the  male  European  is  112,  in  the  Negro  106. 


length 
in  the  Australian  99, 
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and  in  the  Andamanese  94.  In  the  European  female  it  is  about  116.  The  anthropoid  apes 
have  a  sacral  index  varying  from  87  in  the  orang  to  72  in  the  gorilla.  (Turner,  Journ.  Anat.,  xx, 
and  “  Challenger  ”  Reports,  Zoology,  xvi.) 

Varieties. — The  sacrum  not  unfrequently  consists  of  six  pieces,  a  condition  which  is 
generally  due  to  the  inclusion  of  the  first  coccygeal  vertebra.  More  rarely  there  are  only  four 
sacral  vertebras.  Occasionally  the  bodies  of  the  first  and  second  vertebrae  are  not  united, 
though  complete  union  ha,s  taken  place  in  every  other  part  ;  or  the  first  vertebra  may  present 
on  one  side  the  usual  sacral  form,  while  on  the  other  it  has  the  form  of  a  lumbar  vertebra,  and 
is  not  united  to  the  next  (see  fig.  23,  11,  O,  a  peculiarity  connected  with  the  oblique  form  of 
pelvis.  Instances  also  occur  in  which  it  presents,  on  both  sides,  characters  intermediate 
between  those  of  sacral  and  lumbar  vertebrae.  The  sacral  canal  may  be  open  below  to  a 
greater  extent  than  usual ;  it  has  even  been  found  open  throughout. 

Coccygeal  vertebrae,  coccyx.  —  These  are  very  rudimentary  vertebrae, 
commonly  four,  sometimes  five,  seldom  only  three  in  number.  The  first  of  the 
series  is  considerably  broader  than  the  others.  It  presents  superiorly,  on  the  part 
corresponding  to  the  body,  an  oval  concave  surface,  which  articulates  with  the  lower 
end  of  the  sacrum.  From  its  posterior  surface  two  small  processes,  termed  cornua  of 

A  3 
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Fig.  16. — The  coccyx:  A,  from  behind;  B,  from  before.  (Drawn  by  D.  Gunn.)  § 

the  coccyx,  project  upwards  ;  they  represent  the  pedicles  and  superior  articular 
processes  of  the  vertebrae  generally,  and  are  connected  at  their  extremities  to  the 
sacral  cornua,  with  which  they  enclose  an  aperture — the  last  intervertebral  foramen 
{fig.  14)  for  the  passage  of  the  fifth  sacral  nerve.  On  each  side  the  short  transverse 
process  projects,  and  usually  bounds,  with  the  lowest  part  of  the  lateral  margin  of  the 
sacrum,  a  notch  for  the  anterior  division  of  the  same  nerve  ;  but  in  some  cases  it  is 
united  by  bone  to  the  lower  lateral  angle  of  the  sacrum,  so  as  to  form  a  fifth  anterior 
sacral  foramen. 

The  remaining  three  coccygeal  vertebrae  are  much  smaller  than  the  first. 
The  second  piece,  when  separate,  has  upper  and  lower  flattened  surfaces  for 
articulation  with  the  vertebra  above  and  below  ;  on  each  side  is  a  rudiment  of  the 
transverse  process  in  the  form  of  a  slight  tubercle  ;  and  on  the  posterior  aspect  there 
may  sometimes  be  seen  two  small  eminences  in  series  with  the  cornua  of  the 
first  piece,  and  representing  the  last  traces  of  a  neural  arch.  The  third  and  fourth 
pieces  are  mere  rounded  nodules,  slightly  compressed  from  above  downwards,  and 
corresponding  solely  to  vertebral  bodies.  In  middle  life  the  first  piece  is  usually 
separate,  while  the  three  lower  pieces  are  united  into  one,  the  original  separation 
being  indicated  by  transverse  grooves. 

In  advanced  life  the  coccygeal  vertebrae,  having  been  previously  joined  into  one 
bone,  may  become  also  united  to  the  sacrum.  This  union  occurs  at  an  earlier  age 
and  more  frequently  in  the  male  than  in  the  female,  but  it  is  subject  to  much 
variation.  The  first  piece  often  joins  the' sacrum  before  the  union  of  the  rest  of  the 
bone. 
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Fig.  17. — Vertebral  column  op  an  adult  male,  ^  Vertebral  column,  from 

from  behind.  (Allen  Thomson.)  £  THE  LEFT  SIDE.  (Allen  Thomson.)  £ 

C  1,  first  cervical  vertebra  ;  D  1,  first  dorsal  vertebra ;  The  letters  and  numbers  indicate  the 
L  1,  first  lumbar  vertebra;  S  1,  first  sacral  vertebra;  CO  1,  several  vertebrae.  The  antero-posterior 
first  coccygeal  vertebra.  The  transition  in  the  form  of  the  curves  of  the  column  are  shown,  together 
transverse  processes  and  tubercles  in  the  lower  dorsal  and  with  the  shape  and  size  of  the  vertebrae 
first  lumbar  vertebrae  is  well  marked  in  this  specimen.  and  intervertebral  spaces. 
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According  to  the  observations  of  E.  Steinbach  there  are  in  most  cases  five  coccygeal 
vertebras  in  the  male,  four  or  five  with  about  equal  frequency  in  the  female.  (“  Die  Zahl  der 
Caudalwirbel  beim  Menschen,”  Diss.,  Berlin,  1889.) 

The  vertebral  column  as  a  whole. — The  vertebral  column  may  be  regarded  as  a- 
central  axis  upon  which  the  other  parts  of  the  skeleton  are  arranged.  Superiorly 
it  supports  the  skull,  laterally  the  ribs,  through  which  also  it  receives  the  weight  of 
the  upper  limbs,  and  near  its  lower  extremity  it  rests  upon  the  hip-bones,  by  which 
the  weight  of  the  body  is  transmited  to  the  lower  limbs.  It  is  a  pillar  of  support  tc 
the  rest  of  the  skeleton,  and  protects  the  spinal  cord  by  enclosing  it  in  a  bony 
canal.  Its  average  length  is  about  28  inches  in  the  male,  27  inches  in  the  female. 

When  seen  in  profile  the  column  presents  four  curves,  directed  alternately  for¬ 
wards  and  backwards, — forwards  in  the  cervical  and  lumbar  regions,  backwards  in 
the  dorsal  and  sacral.  The  upper  curves  pass  imperceptibly  into  one  another,  but 
at  the  junction  of  the  last  lumbar  vertebra  with  the  sacrum  a  considerable  angle  is 
formed,  known  as  the  lumbosacral  or  sacro-vertebral  angle,  causing  the  promontory 
to  overhang  the  cavity  of  the  pelvis.  The  dorsal  and  sacral  curves  are  primary 
curves  affecting  those  parts  of  the  column  which  enter  into  the  formation  of  the- 
bony-walled  cavities,  the  thorax  and  pelvis  ;  they  make  their  appearance  at  an  early 
period  of  foetal  life,  and  are  due  to  the  conformation  of  the  vertebral  bodies  :  the 
cervical  and  lumbar  curves  are  secondary  or  compensatory  curves,  necessary  to  the 
upright  posture,  only  developed  after  birth,  and  dependent  mainly  on  the  shape  of 
the  intervertebral  discs  ;  in  these  regions  also  the  principal  movements  of  the  spine 
take  place.  The  curves  obviously  confer  upon  the  column  greater  elasticity  and 
security  from  injury  than  it  would  have  were  it  perfectly  straight.  In  the  upper 
dorsal  region  there  is  also  very  frequently  a  slight  degree  of  lateral  curvature,  the- 
convexity  of  which,  in  most  cases,  is  directed  towards  the  right  side,  and  which  i& 
probably  connected  with  the  greater  use  made  of  the  right  than  of  the  left  arm. 

Yiewed  from  the  front,  the  bodies  of  the  vertebrae  are  seen  to  become  broader 
from  the  axis  to  the  first  dorsal,  then  slightly  narrower  to  the  fourth  dorsal,  and 
from  this  vertebra  they  gradually  widen  to  the  base  of  the  sacrum.  The  width 
between  the  extremities  of  the  transverse  processes  is  considerable  in  the  atlas  ;  small 
in  the  axis,  it  becomes  greater  as  far  as  the  first  dorsal  vertebra  ;  thence  it  is  again 
gradually  contracted  as  far  as  the  last  dorsal,  and  becomes  suddenly  much  greater  in. 
the  lumbar  region. 

In  the  lateral  view,  the  antero-posterior  diameter  of  the  bodies  increases  in  de¬ 
scending  through  the  dorsal  and  lumbar  regions. 

Yiewed  from  behind,  the  spines  occupy  the  middle  line.  On  the  sides  are  the 
vertebral  grooves ,  corresponding  to  the  laminae,  and  bounded  externally  in  the  cer¬ 
vical  and  dorsal  regions  by  the  transverse  processes,  and  in  the  lumbar  by  the 
mamillary  processes.  Along  each  groove  is  a  series  of  spaces  between  the  laminae, 
which,  in  the  natural  condition,  are  filled  up  by  the  yellow  ligaments.  The  extent 
of  these  intervals  is  very  trifling  in  the  neck  and  in  the  greater  part  of  the  back  ; 
it  increases  in  the  lower  third  of  the  dorsal,  and  still  more  in  the  lumbar  region. 
The  interval  between  the  occipital  bone  and  the  arch  of  the  atlas  is  considerable, 
and  so  is  that  between  the  last  lumbar  vertebra  and  the  sacrum. 

The  only  part  of  the  vertebral  column  that  appears  on  the  surface  of  the  body 
is  the  row  of  spinous  processes,  and  these  are  subcutaneous  from  the  seventh  cervical 
to  the  third  sacral.  The  upper  cervical  spines  are  deeply  placed  and  can  be  felt  with 
difficulty  in  the  median  interval  between  the  muscular  masses  of  the  back  of  the 
neck  ;  the  sixth  is  sometimes  long  and  in  such  cases  may  project.  The  seventh 
cervical  and  the  following  one  or  two  dorsal  spines  are  prominent ;  the  others  lie  at 
the  bottom  of  the  long  spinal  furrow  produced  by  the  eminence  of  the  spinal  muscles 
on  each  side. 
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The  vertebrae  in  general. — The  ossification  of  each  vertebra  proceeds  in  cartilage  from 
three  principal  centres,  one  for  the  main  part  of  the  body,  and  one  on  each  side  for  the  arch 
and  processes,  together  with  a  small  part  of  the  body.  The  lateral  centres  appear  about  the 
7th  week  of  foetal  life,  that  of  the  body  very  soon  afterwards.  From  these  centres  the 
ossification  extends  gradually,  so  as  to  form  the  greater  part  of  the  vertebra.  The  central 
ossification  does  not  pass,  however,  in  the  dorsal  vertebras  the  place  of  articulation  of  the  head 
of  the  rib,  but  leaves  on  each  side  a  portion  of  the  body  which  is  formed  from  the  lateral 

ossification,  and  is  separated  up  to  the  third  year  by  a  narrow  cartilaginous  interval _ the 

neuro-central  synchondrosis.  It  would  appear  farther,  that  while  ossification  in  the  arches 
commences  first  in  the  cervical  vertebrae,  the  osseous  centres  of  the  bodies  appear  earliest  in 
the  lower  dorsal  vertebrae. 

At  the  time  of  birth  most  of  the  vertebrae  consist  of  three  osseous  pieces,  corresponding  to 
the  three  original  centres.  In  the  first  year  of  infancy  the  laminae  of  opposite  sides  become 
united  in  a  number  of  the  vertebrae,  but  not  in  all.  The  spinous  processes,  remaining 

Fig.  19. — Ossification  of  the  vertebrae. 

(R.  Quain.) 

A,  foetal  vertebra,  showing  the  three  primary  centres  ; 

1 ,  2,  neural  ossifications  ;  3,  central  ossification. 

B,  dorsal  vertebra  from  a  child  of  two  years  ;  1  &  2 
are  seen  to  have  encroached  upon  the  body  at  *  the 
neuro-central  synchondrosis,  to  have  extended  into  the 
articular  and  transverse  processes,  and  to  have  united 
behind  in  the  spinous  process,  leaving  the  ends  cartila¬ 
ginous. 

C,  dorsal  vertebra  at  about  seventeen  years,  showing 
epiphyses  on  the  transverse  processes,  4  &  5,  and 
spinous  process,  6,  and  the  upper  epiphysial  plate  of 
the  body,  7. 

I)  &  E,  parts  of  a  lumbar  vertebra  of  about  the  same 
age,  showing,  in  addition  to  the  foregoing,  8,  the  lower 
epiphysial  plate  of  the  body  ;  9  &  10,  the  epiphyses  of 
the  mamillary  tubercles. 


cartilaginous  for  a  time,  are  gradually  completed  by  the  growth  of  the  cartilage  and  the 
extension  of  the  bone  into  them,  and  at  the  same  time,  by  the  ossific  extension  of  the 
transverse  processes  and  other  parts,  the  vertebrae  gradually  attain  to  nearly  their  full  size  and 
shape  about  the  age  of  puberty.  At  different  periods  subsequent  to  this,  five  epiphyses,  or 
supplementary  centres  of  ossification,  are  added.  Three  of  these  are  small  portions  of  bone, 
placed  on  the  tips  of  the  spinous  and  transverse  processes  :  the  other  two  are  thin  annular 
plates  on  the  upper  and  lower  surfaces  of  the  body  at  its  circumference.  In  the  lumbar 
vertebras  two  other  epiphyses  surmount  the  mamillary  processes.  These  epiphyses  appear  from 
the  sixteenth  to  the  twentieth  year,  and  are  not  wholly  united  to  the  rest  of  the  vertebra 
before  the  twenty-fifth  year.  The  transverse  process  of  the  first  lumbar  vertebra  is  sometimes 
developed  from  a  separate  centre.  The  anterior  divisions  of  the  cervical  transverse  processes 
are  for  the  most  part  ossified 1  by  the  extension  into  them  of  osseous  substance  from  the 
neighbouring  posterior  part  of  the  process  and  from  the  arch  ;  but  there  are  usually  separate 
osseous  nuclei  for  those  of  the  seventh,  sometimes  also  of  the  sixth,  and  even  the  fifth  or 
second  vertebras. 

Atlas  and  axis. — The  ossification  of  the  atlas  and  axis  differs  considerably  from  that  of 

Fig.  20. — Ossification  of  the  atlas.  (R.  Quain.) 

A,  before  birth  ;  B,  in  tbe  first  year ;  1  &  2,  lateral 
centres  of  ossification  ;  3,  ossific  centre  in  the  anterior 
arch. 


the  other  vertebras.  In  the  atlas  the  anterior  arch  is  formed  by  a  strip  of  cartilage  in  which 
ossification,  commencing  by  one  or  two  centres,  only  appears  in  the  course  of  the  first  year 
after  birth.  The  posterior  arch,  together  with  the  lateral  masses,  is  formed  from  two  centres 
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which  correspond  to  the  neural  ossifications  of  the  other  vertebrae,  and  which  begin  to  ossify 
about  the  seventh  week.  Their  union  posteriorly  occurs  in  the  third  year,  and  is  frequently 
preceded  by  the  formation  of  a  distinct  spinal  nucleus.  Their  union  with  the  anterior  arch 
does  not  take  place  till  the  fifth  or  sixth  year. 

In  the  axis,  the  arch  and  processes  are  formed  from  two  centres  corresponding  to  those  of 
the  other  vertebrae,  and  appearing  about  the  seventh  or  eighth  week.  Ossification  begins  in 


Fig.  21. — Ossification  of  the  axis.  (R.  Quain.) 

A,  from  a  foetus  of  seven  months  ;  3,  centre  for  the  body; 
4,  5,  two  centres  in  the  base  of  the  odontoid  process. 

B,  shortly  after  birth  ;  1,  2,  neural  ossifications  ;  3, 
central  ossification  ;  6,  odontoid  ossification. 


the  body  about  the  fourth  month,  from  one  or  sometimes  two  centres,  occupying  the  lower 
part  of  the  common  cartilage  of  the  body  and  odontoid  process.  In  the  upper  part  of  this 
cartilage,  a  little  later,  two  collateral  centres  appear  for  the  odontoid  process  ;  these  soon  unite 
into  one,  so  that  at  birth  the  axis  is  composed  of  four  pieces  of  bone.  About  the  fourth  year 
the  odontoid  process  becomes  joined  to  the  body  and  the  fore  part  of  the  neural  arch  of  the 
axis  on  each  side,  and  a  little  later  union  occurs  in  front  and  behind.  In  the  centre, 
however,  a  small  disc  of  cartilage  remains  until  advanced  age.1  The  apex  of  the  odontoid 
process  is  formed  from  a  distinct  centre  which  appears  in  the  second  year,  and  joins  about  the 
twelfth  year.  There  is  the  usual  annular  epiphysis  on  the  lower  surface  of  the  body. 

Sacral  vertebrae. — Each  of  the  sacral  vertebrae  has  three  primary  centres  of  ossification, 
one  in  the  body  and  a  pair  in  the  arch.  The  centres  of  the  bodies  of  the  first  three  vertebrae 
appear  about  the  eighth  or  ninth  week,  those  of  the  two  following  vertebrae  somewhat  later. 


Fig.  22. — Ossification  of  the  sacrum.  (R.  Quain.) 

A,  sacrum  of  a  foetus  before  six  months  seen  from  the  front,  showing  the  ossific  centres  in  the 
bodies  of  the  vertebrae. 

B,  at  birth  ;  2,  2,  additional  centres  for  the  lateral  masses. 

C,  about  twenty-three  years  ;  3,  3,  epiphysial  plates  still  visible  above  and  below  the  first  vertebral 
body  ;  4,  4',  lateral  epiphysial  plates. 

I),  upper  surface  of  first  sacral  vertebra  at  four  or  five  years  ;  1,  and  2,  as  in  A  and  B.  (Allen 
Thomson. ) 

A  &  B,  nearly  full  size ;  C,  one-fourth  ;  D,  one-third. 


The  laminae  begin  to  ossify  about  the  sixth  month,  but  the  time  of  union  with  the  bodies 
differs  in  the  different  vertebrae,  taking  place  as  early  as  the  second  year  in  the  lowest,  but 
not  till  the  fifth  or  sixth  year  in  the  uppermost.  In  each  of  the  first  three  vertebrae  (sometimes 
however  only  in  two,  sometimes  in  four)  the  anterior  part  of  the  lateral  mass  on  each  side  is 
formed  from  an  additional  nucleus  which  appears  at  the  outer  margin  of  the  anterior  sacral 
foramen  from  the  sixth  to  the  eighth  month.  These  unite  to  the  bodies  later  than  the  arches. 
In  the  case  of  the  lower  two  vertebrae  the  lateral  masses  are  formed  by  extension  of 
ossification  from  the  primary  lateral  nuclei.  On  the  body  of  each  vertebra  epiphysial  plates 
are  formed  after  puberty,  as  in  other  vertebrae  ;  and  two  irregular  plates  of  bone  are  added  on 
each  side  of  the  sacrum,  the  uppermost  of  which  extends  over  the  auricular  surface,  and  the 


1  D.  J.  Cunningham,  Journ.  Anat.,  xx,  238. 
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lower  over  the  sharp  edge  below.  These  appear  from  the  eighteenth  to  the  twentieth  year, 
and  are  united  about  the  twenty-fifth.  The  bodies  of  the  sacral  vertebras  are  at  first  separated 
by  intervertebral  discs,  but  about  the  eighteenth  year,  in  the  case  of  the  lower  vertebrae, 
ossification  begins  to  extend  through  these  discs  and  the  epiphyses,  so  as  completely  to  unite 
the  adjacent  bodies.  The  ossific  union  of  the  first  and  second  bodies  does  not  take  place  till  the 
twenty-fifth  year  or  later.  Previous  to  this,  the  lateral  masses  have  coalesced  in  the  same 
order  as  the  bodies. 

Coccygeal  vertebrae. — Each  of  the  coccygeal  vertebrae  is  ossified  from  a  distinct  piece  of 
cartilage,  and  usually  from  a  single  centre,  but  in  the  upper  sometimes  from  two  centres. 
Ossification  commences  in  the  first  generally  about  the  time  of  birth  ;  in  the  second,  from  the 
fifth  to  the  tenth  year  ;  in  the  third,  some  time  before,  and  in  the  fourth,  some  time  after 
puberty.  The  ossific  union  of  the  three  lower  coccygeal  vertebrae  occurs  before  middle  life  ; 
their  union  with  the  first,  and  the  union  of  this  with  the  sacrum,  belong  to  the  later  periods 
of  life. 

Variations  may  occur  in  the  mode  of  ossification  of  the  vertebrae,  as  is  shown  by  the  nature 
of  certain  malformations.  Thus,  instances  are  recorded  in  which  a  vertebral  body  is 
represented  by  two  pieces  of  bone,  separated  by  a  median  interval  :  here  ossification  must 
have  proceeded  from  two  centres,  as  is  the  case  normally  in  the  odontoid  process,  and 
sometimes  in  the  body  of  the  axis :  probably  this  is  the  reappearance  or  persistence  of  a 
primitive  condition.  Similarly,  the  neural  arch  of  the  fifth  lumbar  vertebra  (very  rarely  of 
one  of  the  other  vertebras)  may  have  a  double  origin,  being  divided  by  a  cleft  passing 
obliquely  between  the  superior  and  inferior  articular  processes  :  according  to  Rambaud  and 
Renault 1  there  are  always  two  nuclei  in  each  half  of  the  neural  arch. 

SERIAL  HOMOLOGY  OF  THE  VERTEBRiE. 

It  is  evident  from  the  foregoing  descriptions  that  the  different  segments  of  the  vertebral 
column  are  generally  similar  in  construction  ;  and  this  similarity  is  for  the  most  part  so 
marked  that  there  can  be  no  doubt  of  the  homodynamy  of  the  several  constituent  parts  of 
successive  vertebrae.  In  certain  instances,  however,  there  are  peculiarities  of  arrangement 
which  offer  some  difficulty  in  tracing  the  precise  correspondence,  and  in  explanation  of  these 
chiefly  the  following  brief  sketch  of  the  serial  homology  of  the  vertebrae  is  given.  The 
accompanying  views  of  the  vertebrae  and  some  of  their  varieties  (fig.  23)  will  also  assist  the 
reader  in  comparing  their  forms. 

1.  The  series  of  centra  or  bodies,  surrounding  the  primary  axis  of  the  notochord,  is 
complete  in  man,  from  the  odontoid  process  of  the  second  vertebra  to  the  caudal  extremity. 
It  must,  however,  be  remembered  that  the  part  called  the  body  of  a  vertebra  includes  not  only 
the  proper  central  ossification,  but  also  the  ventral  extremity  of  the  neural  ossification  on  each 
side.  The  body  is  apparently  absent  in  the  atlas,  but  the  part  corresponding  to  the  central 
ossification  of  that  vertebra  is  united  with  the  body  of  the  axis  in  the  odontoid  process  ; 
while  the  anterior  arch  of  the  atlas  probably  belongs  to  the  series  of  subcentral  parts  or 
hyp  apophyses.  The  proofs  of  this  view  are  derived  mainly  from,  1st,  the  remains  of  the  noto¬ 
chord  having  been  traced  in  the  foetus  through  the  odontoid  process  (and  not  through  the 
anterior  arch  of  the  atlas)  into  the  base  of  the  skull ;  2nd,  the  separate  ossification  in  cartilage 
of  the  odontoid  process  ;  and  3rd,  the  existence  in  some  animals,  as  the  omithorhynchus  and 
some  reptiles,  of  a  bone  corresponding  to  the  odontoid  process,  in  a  separate  condition,  without 
any  other  part  representing  the  centrum  of  the  atlas. 

2.  The  series  of  neural  arches  is  complete  in  the  whole  vertebral  column  of  man,  with 
the  exception  of  the  lower  three  coccygeal  vertebrae,  and  in  part  of  the  first  coccygeal  and 
lower  sacral  vertebrae.  The  neural  spines  are  also  complete  in  nearly  the  same  vertebrae  as 
the  arches.  The  spine  is  absent  or  little  developed  in  the  atlas,  bifid  at  its  extremity  in  the 
next  four  or  five  cervical  vertebrae,  but  simple  in  all  the  remaining  vertebrae  in  which  it  is 
present. 

3.  The  articular  processes  or  zyg-apophyses,  superior  and  inferior  (preaxial  and 
postaxial),  correspond  in  their  relations  throughout  the  whole  of  the  vertebrae  in  which  they 
exist,  with  the  exception  of  both  of  those  of  the  atlas  and  the  superior  of  the  axis.  In  these 
vertebrae  the  articular  processes  are  not  in  the  series  of  zygapophyses,  being  situated  in  front 
of  the  place  of  exit  of  the  spinal  nerves,  instead  of  behind  it,  and  therefore  in  a  position 
which  corresponds  to  that  of  the  part  of  the  vertebral  body  formed  from  the  neural  ossifica¬ 
tion.  The  joints  which  they  form  must  accordingly  be  looked  upon  as  homologous  with  the 
lateral  portions  of  the  articulations  between  the  bodies  of  the  succeeding  vertebrae.  In  the 
sacral  vertebrae  the  articular  processes,  existing  as  such  in  early  life,  come  to  be  in  the  adult 
united  by  anchylosis.  In  the  lower  three  coccygeal  vertebrae  they  are  absent. 

1  “  Origine  et  Developpement  des  Os,”  Paris,  1S64.  This  work  may  be  referred  to  for  more  detailed 
information  concerning  the  ossification  of  the  vertebras,  as  well  as  of  th<*  bones  generally. 
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Fig.  23. — Views  op  different  vertebrae  from  above  to  illustrate  their  homologies 
and  some  of  their  varieties.  (Allen  Thomson.) 


1,  atlas  ;  2,  axis  ;  3,  fifth  cervical  ;  4,  seventh  cervical  with  supernumerary  ribs  ;  5,  middle  dorsal ; 
6,  first  dorsal,  with  costal  arch  and  sternum  attached ;  7,  third  lumbar  ;  8,  first  lumbar  with  supernu¬ 
merary  ribs  ;  9,  fifth  lumbar  ;  10,  first  sacral  ;  11,  lumbo-sacral  vertebra  ;  12,  fourth  sacral  vertebra  in 
a  young  subject ;  13,  four  coccygeal  vertebrae.  In  the  several  figures  the  parts  are  indicated  by  letters 
as  follows,  viz  ,  in  1,  s,  spine  ;  n,  neural  arch  ;  c',  the  space  occupied  by  the  odontoid  process,  or  dis¬ 
placed  centrum ;  h ,  anterior  arch  ;  ar,  superior  articular  process  ;  in  2,  c",  odontoid  process  ;  ar,  superior 
articular  surface  ;  z' ,  inferior  articular  process  :  in  3,  c,  centrum  ;  z,  z',  superior  and  inferior  articular 
processes  :  in  4,  t ,  transverse  process  ;  v,  vertebrarterial  foramen  ;  co,  moveable  right  supernumerary  or 
cervical  rib  ;  x,  with  a  dotted  line  marking  the  place  where  an  anchylosed  rib  on  the  left  side  may  be 
considered  to  be  superadded  to  the  transverse  process  of  the  vertebra  :  in  5,  t,  transverse  process  with 
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•costal  facet ;  cc,  costo-central  facet  :  in  6,  v,  vascular  interval ;  ct,  costo-transverse,  and  cc,  costo-central 
articulations  ;  co,  first  rib  :  in  7,  m,  mamillary,  and  a,  accessory  tubercles  ;  t,  transverse  process  :  in  8, 
■co,  co',  supernumerary  ribs  :  in  10,  l,  lateral  mass  :  in  11,  V ,  place  of  the  lateral  mass,  remaining 
undeveloped  in  this  instance  :  in  12,  tl,  the  transverse  process  and  lateral  mass  which  unite  with  the 
corresponding  parts  above;/,/',  anterior  and  posterior  sacral  foramina  thus  formed:  in  13,  c,  the 
centrum,  which  alone  remains  in  the  lower  coccygeal  vertebrae. 

4.  It  is  in  the  comparison  of  the  parts  known  in  human  anatomy  under  the  general  name 
of  transverse  processes  that  the  main  difficulty  of  establishing  homologies  exists.  In  the 
cervical  vertebrae  the  processes  so  called  are  pierced  by  a  vertebrarterial  foramen,  and 
most  of  them  have  two  tubercles.  Those  of  the  dorsal  vertebrae  are  for  the  most  part  simple, 
but  articulate  with  the  tubercles  of  the  ribs,  whence  they  are  known  in  comparative  anatomy 
as  the  tubercular  processes  (diapophyses).  At  the  place  of  articulation  of  the  head  of  the  rib 
with  the  vertebra  there  is  in  some  animals  a  projection,  called  the  capitular  process 
(parapophysis)  ;  this  is  represented  in  man  only  by  the  articular  facet  on  the  body,  which  is 
separated  however  from  the  proper  central  ossification  by  the  neuro-central  synchondrosis. 
It  is  generally  admitted  that  the  part  of  the  cervical  transverse  process  in  front  of  the  verte¬ 
brarterial  foramen  corresponds  to  the  first  part  of  a  rib,  as  is  illustrated  by  the  separate  ossification 
of  that  piece  of  bone  in  the  seventh  cervical  vertebra  in  man,  and  by  the  occasional  occurrence 
of  a  more  fully  developed  cervical  rib  in  that  situation  (fig.  23,  4). 

In  the  lumbar  vertebrae  the  transverse  processes  are  elongated  laterally,  and  at  their  root 
two  other  processes  become  apparent,  viz.,  the  mamillary  or  metapophysis  directed  preaxially, 
and  the  accessory  or  anapophysis,  directed  postaxially.  Several  circumstances  in  the  anatomy 
of  the  bones  and  muscles  indicate  that  the  outer  part  of  the  lumbar  transverse  processes  is 
serially  homologous  with  the  first  part  of  the  ribs,  but  so  intimately  combined  with  both 
capitular  and  tubercular  processes,  and  the  part  lying  between  them,  as  to  leave  no  arterial 
passage.  This  view  receives  confirmation  from  the  presence  of  a  costal  element  in  connection 
with  the  transverse  process  of  the  first  lumbar  vertebra  in  the  foetus,  and  its  occasional 
development  to  form  a  supernumerary  rib  (p.  13  ;  fig.  23,  8). 

In  the  sacral  part  of  the  column  still  greater  departure  from  the  form  of  the  transverse 
process  of  the  upper  vertebrae  takes  place  by  the  large  development  and  ossific  union  of  the 
lateral  parts.  Throughout  the  Whole  five  vertebrae  recognised  as  sacral  in  man,  this  may  be 
looked  upon  as  occurring  to  some  extent  in  portions  of  the  bones  which  are  serially 
homologous  with  the  combined  capitular  and  tubercular  processes  ;  but  in  the  upper  sacral 
vertebrae,  another  element  is  interposed  between  the  transverse  process  and  the  iliac  surface 
of  articulation,  constituting  the  greater  portion  of  the  lateral  mass  of  the  sacrum.  This 
element  is  generally  regarded  as  serially  homologous  with  part  of  a  rib,  and  those  vertebrae 
which  are  thus  connected  to  the  ilium  by  means  of  a  costal  element  are  distinguished  as  true 
sacral ,  the  remaining  anqhylosed  vertebrae  being  called  pseudo-sacral. 

With  the  exception  of  the  anterior  arch  of  the  atlas  already  referred  to,  there  are  no  parts 
developed  in  the  human  skeleton  corresponding  to  the  hypapophyses  which  occur  in  connec¬ 
tion  with  the  vertebral  column  of  animals,  such  as  the  “‘chevron”  bones  below  the  caudal 
vertebrae  of  cetacea,  and  the  haemal  arches  enclosing  the  main  artery  of  fishes. 


II.— THE  THORAX. 

The  skeleton  of  the  thorax  consists  of  the  dorsal  vertebrae  already  described,  the 
sternum,  the  ribs,  and  the  costal  cartilages. 

THE  STERNUM  OR  BREAST-BONE. 

The  sternum  is  situated  in  the  median  line  at  the  fore  part  of  the  thorax.  It 
is  connected  with  the  rest  of  the  trunk  by  the  cartilages  of  the  first  seven  ribs  on 
each  side  ;  and  at  the  upper  end  it  gives  attachment  to  the  clavicles.  It  consists 
originally  of  six  segments.  The  first  of  these  usually  remains  separate  from  the 
'  rest,  and  is  called  the  manubrium :  the  succeeding  four  are  united  into  one  in  the 
adult,  and  form  the  body :  the  sixth  generally  remains  cartilaginous  for  some  years 
after  birth,  and  often  partially  so  even  to  advanced  age,  constituting  the  ensiform 
process ;  in  middle  life  it  is  most  frequently  united  by  bone  to  the  body. 

The  sternum  is  flattened  from  before  backwards,  and  presents  a  slight  longitudinal 
curve  with  the  convexity  in  front.  It  is  of  unequal  width,  being  broad  at  the  upper 
part  of  the  manubrium,  considerably  narrower  at  the  lower  end  of  that  portion  and 
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Fig.  24.— The  stersttm  :  A,  from  before  ;  B,  from  the  left  side.  (Drawn  by  D.  Gunn. )  I 
The  Roman  numerals  indicate  the  articular  surfaces  for  the  corresponding  rib-cartilages. 


in  the  first  segment  of  the  body,  somewhat  wider  near  the  lower  end  of  the  body,  and 
finally  narrowed  at  the  junction  with  the  ensiform  process.  It  consists  of  light  can¬ 
cellated  tissue,  with  a  thin  covering  of  compact  bone. 

The  manubrium  {presternum)  is  the  thickest  part  of  the  bone.  Its  anterior  surface 
presents  a  slight  median  elevation  ;  its  posterior  surface  is  smooth  and  somewhat  con¬ 
cave.  Its  upper  border  is  divided  into  three  deep  notches  ;  the  middle  one  is  named 
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the  mcisura  semilunaris,  or  interclavicular  notch ;  the  lateral  ones  form  two  depressed 
articular  surfaces,  directed  upwards,  outwards  and  backwards,  for  articulation  with 
the  clavicles,  and  called  the  clavicular  notches.  Each  lateral  border  presents  supe¬ 
riorly,  close  to  the  clavicular  notch,  a  rough  triangular  surface,  which  unites  with 
the  cartilage  of  the  first  rib.  Below  this  the  bone  slopes  inwards,  and  at  its  inferior 
angle  presents  a  small  surface,  which  with  a  similar  one  on  the  body  forms  a  notch 
for  the  cartilage  of  the  second  rib.  The  lower  margin  is  straight  and  united  by 
cartilage  to  the  upper  margin  of  the  body. 

The  body  (, gladiolus ,  mesosternum )  is  marked  on  its  anterior  surface  by  three 
slight  transverse  elevations  at  the  lines  of  junction  of  its  four  component  parts.  Its 
posterior  surface  is  comparatively  smooth.  Each  lateral  margin  presents  five  notches 
for  the  reception  of  costal  cartilages,  and  a  small  surface  above,  which,  with  the 
similar  depression  on  the  manubrium,  forms  the  notch  for  the  second  costal  cartilage. 
The  notches  for  the  third,  fourth,  and  fifth  costal  cartilages  are  opposite  the  lines  of 
junction  of  the  four  segments  of  the  body  of  the  sternum ;  those  of  the  sixth  and 
seventh  are  placed  close  together  on  the  sides  of  the  inferior  segment,  that  for  the 
seventh  being  completed  by  the  ensiform  process. 

The  ensiform  or  xiphoid  process  ( metasternum ,  xiphisternum)  is  a  thin 
spatula-like  process  projecting  downwards  between  the  cartilages  of  the  seventh 
ribs.  It  is  subject  to  frequent  varieties  of  form,  being  sometimes  bent  forwards,, 
sometimes  backwards,  often  forked,  and  occasionally  perforated. 

The  sternum  is  subcutaneous  in  the  middle  line,  forming  the  floor  of  the  sternal 
groove  between  the  pectoral  muscles,  which  cover  the  lateral  portions  of  the  anterior 
surface.  The  upper  end  is  marked  by  the  deep  suprasternal  notch;  and  the  ensiform 
process  lies  at  the  bottom  of  the  infrasternal  depression ,  the  latter  being  due  to  the 
prominence  of  the  body  and  the  seventh  costal  cartilages  beyond  the  surface  of  the 
ensiform  process. 

The  length  of  the  sternum  and  the  proportions  of  its  parts  differ  somewhat  in  the  two 
sexes.  In  the  male  the  body  is  as  a  rule  slightly  more  than  twice  as  long  as  the  manubrium  ; 
while  in  the  female  the  whole  bone  is  relatively  shorter,  and  the  body  is  usually  less  than 
twice  the  length  of  the  upper  segment.  Individual  variations  are,  however,  frequent  and  great. 
(M.  Strauch,  Diss.,  Dorpat,  1881  ;  T.  Dwight,  Joum.  Anat.,  xv,  327,  and  xxiv,  527 ;  F.  Peter- 
moller,  Diss.,  Kiel,  1890.) 

Varieties. — The  sternum  is  subject  to  many  varieties  of  form.  It  is  not  unfrequently 
much  shorter  than  usual,  and  indented  at  its  lower  part,  as  occurs  especially  from  the  pressure 
of  the  cobbler’s  last.  Occasionally  the  lower  part  of  the  body  is  perforated  by  the  so-called 
sternal  foramen  (fig.  30,  E)  ;  and  in  rare  cases  the  sternum  has  been  found  divided  to  a 
greater  or  less  extent,  constituting  the  malformation  of  Jissura  sterni,  and  connected  in  some 
instances  with  ectopia  cordis. 

Two  small  nodules  of  bone,  ossa  snprasternalia,  have  been  found  in  some  rare  cases  at  the 
upper  border,  close  to  the  clavicular  notches,  united  by  cartilage  and  ligament  to  the  sternum. 
Their  position  is  indicated  by  the  asterisks  (**)  in  figure  30,  E.  They  appear  to  be  vestiges  of 
the  episternal  bone  of  monotremata  and  lizards,  the  lateral  parts  of  which  are  represented 
normally  in  the  interarticular  fibro-cartilages  of  the  stemo-clavicular  articulations. 


THE  RIBS. 

The  ribs  (cos tee),  twelve  in  number  on  each  side,  constitute  a  series  of  arched 
and  highly  elastic  bones,  which  extend  outwards  and  forwards  from  the  vertebral 
column,  and  form  the  lateral  walls  of  the  thorax.  Their  anterior  extremities  give 
attachment  to  cartilaginous  prolongations — the  costal  cartilages,  the  first  seven  pairs 
of  which  pass  inwards  to  the  sternum.  On  this  account  the  first  seven  pairs  of  ribs 
are  called  sternal,  also  true,  and  the  remaining  five  pairs  asternal  or  false  ribs.  Of 
these  asternal  ribs,  each  of  the  upper  three  has  its  cartilage  attached  along  its  superior 
border  to  the  cartilage  of  the  rib  above  it ;  while  the  two  last  are  entirely  free  from 
such  attachment,  and  are  thence  called  floating  ribs. 


26 


THE  THORAX. 


General  characters  of  the  ribs. — These  are  best  marked  in  the  ribs  near  the 
middle  of  the  series.  The  posterior  extremity  is  thickened,  and  is  termed  the  head 
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or  capitulum ;  it  presents  a  superior  and  an  inferior 
oblique  articular  surface  for  articulation  with  the 
bodies  of  two  vertebrae,  and,  between  them,  a  slight 
ridge,  to  which  the  interarticular  ligament  is  attached. 
At  a  little  distance  from  the  head,  and  separated  from 
it  by  the  slightly  constricted  neck,  is  the  tuberosity , 
an  oval  eminence  which  is  divided  into  two  parts  by 
an  oblique  groove  ;  the  inner  part  is  smooth  and 
articulates  with  the  transverse  process  of  the  lower  of 


Fig 


26. — Fifth  rib  of  the  right  side,  from  behind. 
(Drawn  by  D.  Gunn.)  § 


If 


the  two  vertebrae  with  which  the  head  is  connected, 
while  the  outer  part  is  rough  and  serves  for  the 
attachment  of  the  posterior  costo-transverse  ligament. 

The  whole  extent  beyond  the  tuberosity  constitutes 
the  body.  It  is  laterally  compressed,  and  broader 
from  above  downwards  towards  the  anterior  extremity. 

Outside  the  tuberosity,  over  the  most  convex  part  of 
the  body,  is  a  rough  line  which  corresponds  to  the 
outer  border  of  the  erector  spinee  muscle,  and  marks 
the  angle ,  so  called  because  at  this  point  the  rib  takes 
a  more  sudden  curve,  its  direction  being  now  forwards 
and  outwards.  The  inferior  border  presents  on  its 
inner  aspect  the  subcostal  groove ,  in  which  lie  the 
intercostal  vessels  and  nerve,  and  which  is  best 
marked  opposite  the  angle  and  disappears  in  front. 

The  anterior  extremity  of  each  rib  is  hollowed  at  its  tip  into  an  oval  pit,  in  which 
the  costal  cartilage  is  implanted. 

Inclination  and  curves. — There  is  a  general  inclination  of  the  ribs  downwards 
from  the  head  to  the  anterior  extremity,  the  slope  being  greatest  between  the  head 


Fig.  25. — Fifth  rib  of  the  right 
side,  from  below.  (Drawn  by 
D.  Gunn. )  § 


THE  RIBS. 


27 


and  angle.  The  curve  of  the  ribs  is  more  marked  towards  the  back  part  than  in 
front,  especially  near  the  angle.  Besides  the  main  curves  now  mentioned,  the  rib 
is  slightly  twisted  on  itself,  so  that  while  its  surfaces  are  vertical  behind,  they  are 
placed  somewhat  obliquely  in  front. 

Special  characters  of  certain  ribs. — The  ribs  increase  in  length  from  the 
first  to  the  seventh  or  eighth,  and  decrease  to  the  twelfth,  so  that  the  last  is  little 


Fig.  27. — First  and  second  ribs  of  the  right  side,  from  above. 
(Drawn  by  D.  Gunn.)  | 


longer,  often  even  shorter,  than  the  first.  The  first  rib  is  the  broadest,  and  after  it 
the  middle  ones  ;  the  twelfth  is  the  narrowest.  The  distance  of  the  angle  from 
the  tuberosity  increases  gradually  from  above  down. 

The  first  rib  is  not  twisted,  and  is  so  placed  that  its  surfaces  look  nearly  upwards 
and  downwards.  The  head  is  small,  and  presents  a  single  articular  surface  for  the 
first  dorsal  vertebra.  The  neck  is  slender,  and  the  angle  coincides  with  the 
tuberosity.  On  the  superior  surface  are  two  slight  smooth  depressions  with  an 
intervening  rough  mark,  and  a  considerable  rough  surface  behind.  The  rough 
surface  marks  the  attachment  of  the  scalenus  medius  muscle,  the  posterior  depression 
the  position  of  the  subclavian  artery,  the  anterior  depression  the  subclavian  vein  ; 
and  the  intervening  slight  elevation,  frequently  terminating  in  a  sharp  spine  on  the 
inner  edge — the  scalene  tubercle — indicates  the  attachment  of  the  scalenus  anticus 
muscle.  There  is  no  subcostal  groove  on  the  first  rib. 

The  second  rib,  longer  than  the  first,  presents  externally  a  prominent  roughness 
which  marks  the  attachment  of  the  serratus  magnus. 

In  the  eleventh  and  twelfth  ribs  the  articular  facet  on  the  head  is  single,  and 
the  tuberosity  is  represented  only  by  a  slight  elevation  or  roughness,  without  an 
articular  facet.  The  subcostal  groove  is  faintly  marked  on  the  eleventh,  and  is 
absent,  together  with  the  angle,  from  the  twelfth. 

Varieties. — The  number  of  the  ribs  is  sometimes  increased  to  thirteen  on  one  or  both 
sides.  The  supernumerary  rib  is  usually  short,  and  is  most  frequently  formed  in  connection 
with  the  transverse  process  of  the  first  lumbar  vertebra,  or  occasionally  with  the  seventh 
cervical ;  in  the  latter  case  the  additional  rib  has  generally  a  double  attachment,  viz.,  to  the 
body,  and  to  the  transverse  process  of  the  vertebra  outside  a  vertebrarterial  foramen  (see 
fig.  23,  4,  v,  v,  and  8,  co).  In  rare  instances  the  additional  rib  is  associated  with  a 
thirteenth  dorsal  vertebra  (see  p.  13).  The  tenth  rib  frequently  articulates  only  with 
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one  vertebra ;  and  it  may  want  the  articular  facet  for  the  transverse  process.  Tho 
twelfth  rib  varies  in  length  from  8  inches  to  less  than  an  inch  ;  complete  suppression, 
is  very  rare. 


Fig.  28. — Tenth,  eleventh,  and  twelfth  ribs  op  the  right  side,  from  below. 

(Drawn  by  D.  Gunn. )  § 

The  costal  cartilages  prolong  the  ribs  towards  the  sternum.  Their  breadth 
diminishes  gradually  from  the  first  to  the  last,  while  their  length  increases  as  far  as 
the  seventh,  after  which  they  become  gradually  shorter.  Their  line  of  direction 
varies  considerably.  The  first  descends  a  little,  the  second  is  horizontal,  and  all  the 
rest,  except  the  last  two,  ascend  more  and  more  from  the  rib  towards  the  sternum  as 
they  are  situated  lower  down.  The  external  or  costal  extremity,  convex  and  uneven,. 


THE  THORAX  AS  A  WHOLE. 


is  implanted  into  and  united  with  the  end  of  the  corresponding  rib.  The  internal 
extremities  of  the  cartilages  of  the  true  ribs  (except  the  first,  which  is  directly  united 
to  the  sternum  without  articular  cavity)  are  smaller  than  the  external,  and  fit  into  the 
corresponding  notches  on  the  side  of  the  sternum.  Each  of  the  cartilages  of  the  first 
three  false  ribs  becomes  slender  towards  its  extremity,  and  is  attached  to  the  lower 
border  of  that  which  is  next  above  it.  The  eleventh  and  twelfth  are  pointed  and 
unattached.  The  fifth,  sixth,  seventh,  and  eighth  cartilages  form  a  series  of  inter- 
chondral  articulations ,  by  means  of  a  broad  process  sent  down  from  the  rounded  angle 
of  the  one  meeting  a  less  salient  projection  from  the  upper  border  of  the  next. 


Varieties. — The  eighth  costal  cartilage  not  unfrequently  articulates  with  the  sternum. 
Occasionally  the  seventh  costal  cartilage  fails  to  reach  the  mesosternum  (owing  to  reduction 
of  the  latter),  and  meets  its  fellow  in  front  of  the  ensiform  process.  The  articulation 
between  the  fifth  and  sixth  cartilages  is  sometimes  wanting,  and  then  one  may  be  formed 
between  the  eighth  and  ninth. 


THE  THORAX  AS  A  WHOLE. 

The  bony  thorax  is  of  a  somewhat  conical  shape,  flattened  from  before  back,  and 
much  longer  behind  than  in  front.  The  posterior  wall,  formed  by  the  dorsal 

Fig.  29. — Front  view  op  the  thorax. 

1,  manubrium  ;  2,  is  close  to  the  place  of  union  of  the 
first  costal  cartilage ;  3,  clavicular  notch  ;  4,  body  of  the 
sternum  ;  5,  ensiform  process  ;  6,  groove  on  the  lower 
border  of  the  ribs  ;  7,  the  vertebral  end  of  the  ribs  ;  8,  neck ; 

9,  tuberosity;  10,  costal  cartilage;  12,  first  rib;  13,  its 
tuberosity  ;  14,  first  dorsal  vertebra  ;  15,  eleventh  rib  ;  16, 
twelfth  rib. 

vertebrae  and  the  ribs,  is  convex  from  above 
down,  and,  the  ribs  being  directed  backwards 
from  the  vertebrae  as  far  as  their  angles,  a  broad 
furrow  is  produced  on  each  side  of  the  spines,  which 
lodges  the  erector  spinae  muscle.  The  anterior 
wall,  formed  by  the  sternum  and  costal  cartilages, 
is  only  slightly  convex,  and  is  inclined  at  an 
angle  of  20°  to  25°  with  the  vertical.  In  the 
condition  of  expiration  the  upper  border  of  the 
sternum  is  opposite  the  disc  between  the  second  and  third  dorsal  vertebrae,  the 
junction  of  the  manubrium  and  body  opposite  the  middle  of  the  fifth  dorsal  vertebra, 
and  the  xiphi-sternal  articulation  about  opposite  the  interspace  between  the  ninth 
and  tenth  dorsal  vertebrae. 

The  sides  are  sloped  outwards  to  about  the  ninth  rib,  are  slightly  convex  from 
above  down,  and  strongly  arched  from  before  back.  The  upper  aperture  is 
contracted,  reniform,  nearly  plane,  and  much  sloped  downwards  ;  the  lower  is 
irregular  ;  the  margin  ascends  on  each  side  from  the  tenth  rib  to  the  xiphi-sternal 
articulation,  and  thus  gives  rise  to  the  subcostal  angle ,  in  the  centre  of  which  the 
ensiform  process  projects.  The  form  of  the  cavity  corresponds  generally  to  that  of 
the  exterior,  but  in  the  median  plane  the  antero-posterior  diameter  is  much  reduced 
by  the  projection  of  the  bodies  of  the  vertebrae  ;  as  a  consequence  of  this  and  the 
backward  direction  of  the  hinder  ends  of  the  ribs,  a  deep  hollow  is  formed  on  each 
side,  into  which  the  posterior  portions  of  the  lungs  are  received,  and  thus  the  weight 
of  the  body  is  thrown  farther  back  and  is  more  equally  distributed  around  the 
vertebral  column. 
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The  intercostal  spaces  are  eleven  in  number,  and  somewhat  wider  above  than 
below,  but  varying  with  the  elevation  or  depression  of  the  ribs. 

In  man  the  transverse  diameter  of  the  thorax  exceeds  the  antero-posterior,  whereas  in 
quadrupeds  the  dorso- ventral  diameter  is  usually  the  greater.  In  the  human  foetus  also  the 
sagittal  diameter  preponderates,  and  at  the  time  of  birth  it  is  hut  little  less  than  the 
coronal.  In  the  female  the  thorax  is  relatively  shorter,  and  more  rounded  than  in  the  male. 


OSSIFICATION  OF  THE  STERNUM  AND  RIBS. 

The  ossification  of  the  sternum  begins  about  the  sixth  month,  and  usually  by  a  single 
centre  in  the  manubrium.  The  next  centre  appears  at  the  seventh  month  in  the  upper 


Fig.  30. — Ossification  of  the  sternum.  (R.  Quain.) 

A,  the  cartilaginous  sternum  before  the  middle  of  foetal  life. 

B,  the  sternum  at  birth.  1,  2,  3,  &  4,  the  nuclei  for  the  manubrium  and  upper  three  pieces  of  the 
body. 

C,  the  sternum  soon  after  puberty,  showing  cartilage  between  the  manubrium  and  body,  and 
imperfect  union  of  the  first,  second  and  third  pieces  of  the  body,  while  the  third  and  fourth  are 
united. 

D,  a  sternum  at  birth  with  an  unusual  number  of  ossific  centres,  six  in  the  manubrium,  1',  which 
is  very  uncommon  ;  two  pairs  in  the  lower  pieces  of  the  body  3'  &  4',  which  is  not  unusual  ;  2,  the 
single  centre  of  the  first  piece  of  the  body. 

E,  Example  of  perforated  sternum  ;  this  figure  also  shows  two  suprasternal  bones,  *  *.  C  and  E 
are  reduced  below  the  size  of  nature. 


segment  of  the  body,  and  ossification  follows  in  the  next  two  segments  shortly  before  birth. 
In  the  lower  segment  ossification  begins  in  the  first  year  or  later,  in  the  xiphisternum  usually 
not  before  the  sixth  year,  and  often  much  later.  In  the  manubrium  there  are  sometimes  two 


Fig.  31. — One  of  the  middle  ribs 

AT  ABOUT  TWENTY  YEARS  OF  AGE. 

(R.  Quain.) 


1,  body  ;  2,  epiphysis  of  the  head 
3,  that  of  the  tuberosity. 


centres  of  ossification,  one  above  the 
other,  and  occasionally  several  are 
met  with.  In  the  upper  segment  of 
the  body  the  centre  is  most  commonly 
single,  but  in  each  of  the  following 
segments  there  are  frequently  two, 
placed  one  on  each  side  of  the  middle 
line.  The  lower  segments  of  the  body  unite  together  after  puberty,  but  the  upper  one  often 
remains  separate  till  after  the  twenty-fifth  year.  The  xiphisternum  is  united  to  the  body  in 
middle  life  ;  the  manubrium  and  body  are  only  exceptionally  joined  by  bone.  The  bony 
parts  formed  from  the  lateral  centres  of  the  lower  segments  of  the  body  not  unfrequently 
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remain  separate  for  a  considerable  time,  and  occasionally,  by  defect  of  ossification  or  non¬ 
union  across  the  middle  line,  leave  the  permanent  median  aperture  referred  to  on  p.  25. 

The  ossification  of  the  ribs  begins  in  cartilage  posteriorly  about  the  eighth  or 
ninth  week  of  foetal  life,  and  extends  rapidly  forwards,  so  as  to  reach  the  permanent 
cartilage  about  the  fourth  month.  After  puberty  the  centres  of  two  small  epiphyses  appear 
in  the  cartilage  of  the  head  and  tuberosity.  These  become  united  with  the  main  bone  by  the 
twenty-fifth  year.  The  epiphysis  of  the  tuberosity  is  wanting  in  the  eleventh  and  twelfth. 

In  the  adult  the  first  costal  cartilage  usually  becomes  the  seat  of  a  superficial  ossification, 
which  may  proceed  so  far  as  to  form  a  complete  sheath  around  it ;  and  in  advanced  life  the 
other  cartilages  are  frequently  more  or  less  covered  by  bone,  especially  on  their  anterior 
surface.  The  tendency  to  bony  deposit  is  as  a  rule  stronger  in  the  male  than  in  the  female, 
but  the  age  at  which  the  ossification  begins,  and  the  extent  to  which  it  proceeds,  are  subject  to 
great  variation.  The  cartilage  itself  is  but  seldom  ossified. 


III.— THE  BONES  OF  THE  HEAD. 

The  skull,  comprising  the  bones  of  the  head,  is  of  a  spheroidal  figure,  compressed 
on  the  sides,  broader  behind  than  before,  and  supported  on  the  vertebral  column. 

All  its  bones,  with  the  exception  of  the  lower  jaw,  are  immoveably  united  together 
by  lines  and  narrow  surfaces,  more  or  less  uneven,  termed  sutures.  The  skull  is 
divided  by  anatomists  into  two  parts,  the  cranium  and  the  face.  The  cranium  pro¬ 
tects  the  brain  ;  the  face  surrounds  the  mouth  and  nasal  passages,  and  completes 
with  the  cranium  the  orbits  or  cavities  for  the  eyes.  The  cranium  is  composed  of 
eight  bones,  viz.  :  the  occipital ,  two  parietal,  the  frontal ,  two  temporal,  the  sphenoid , 
and  the  elhmoid.  The  face  is  composed  of  fourteen  bones,  of  which  twelve  are  in 
pairs,  viz.  :  the  superior  maxillary,  malar,  nasal ,  palate,  lachrymal,  and  inferior 
turbinate  hones ;  and  two  single,  viz.  :  the  vomer ,  and  the  inferior  maxilla.  The 
hyoid  hone,  suspended  by  ligaments  from  the  under  surface  of  the  cranium,  may  also 
be  classed  with  the  bones  of  the  head. 

THE  OCCIPITAL  BONE. 

The  occipital  bone  is  situated  at  the  lower  and  back  part  of  the  cranium.  In 
general  form  it  is  flattened  and  lozenge-shaped,  with  the  longest  diameter  directed  Xft, 
from  behind,  forwards  and  downwards.  It  is  much  curved,  so  that  one  surface  is 
concave  and  looks  forwards  and  upwards,  while  the  other  is  convex  and  looks  back¬ 
wards  and  downwards.  At  the  lower  and  fore  part  it  is  pierced  by  a  large  oval 
aperture,  the  occipital  foramen  or  foramen  magnum,  which  forms  the  communication 
between  the  cranial  cavity  and  the  spinal  canal.  The  portion  of  the  bone  behind 
the  foramen  is  tabular,  the  narrower  part  in  front  forms  a  thick  mass  named  basilar 
process,  and  the  parts  on  the  sides  of  the  foramen,  bearing  the  condyles  or  articu¬ 
lating  processes  by  which  the  head  is  supported  on  the  atlas,  are  the  condylar 
portions. 

The  two  superior  borders  are  deeply  serrated,  and  articulate  with  the  parietal 
bones  in  the  lambdoid  suture.  By  its  two  inferior  borders,  which  are  uneven  but 
not  deeply  serrated,  it  articulates  with  the  mastoid  and  petrous  portions  of  the 
temporal  bone  ;  while  the  extremity  of  its  basilar  process  is  united  to  the  body  of 
the  sphenoid,  in  the  young  condition  by  cartilage,  but  after  the  age  of  twenty  years 
by  continuous  osseous  substance.  The  rhombic  form  generally  given  by  the  meeting 
of  these  borders  at  the  four  angles  is  not  unfrequently  somewhat  changed  to  the 
octagonal,  by  the  projection  of  subordinate  obtuse  angles  between  the  upper  and 
lateral,  and  between  the  lateral  and  lower  angles. 

The  tabular  portion,  on  its  posterior  surface,  presents  about  the  centre  a  promi¬ 
nence — the  external  occipital  protuberance,  from  which  the  superior  curved  line  arches 
outwards  on  each  side  towards  the  lateral  angle  of  the  bone,  thus  dividing  the 
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surface  into  two  parts,  an  upper  and  a  lower.  The  protuberance  vanes  greatly  in 
its  development  in  different  skulls  ;  when  well  marked  it  can  be  readily  felt  beneath 
the  skin  at  the  back  of  the  head.  A  little  above  the  superior  curved  line  there  may 
generally  be  seen  the  less  distinct  highest  curved  line 1  ;  and  between  the  two  is  a 
narrow  semilunar  area  in  which  the  bone  is  denser  and  smoother  than  either  above 
or  below.  The  part  of  the  surface  above  this  is  regularly  convex,  and  is  covered  by 
the  hairy  scalp.  The  lower  part  is  more  uneven  :  it  is  divided  into  two  lateral 
portions  by  a  median  ridge  called  th q  external  occipital  crest;  and  each  of  these  is 
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Fig.  32. — Occipital  bone,  from  below.  (Drawn  Dy  D.  Grunn.)  § 

On  the  left  side  a  probe  is  passed  through  the  anterior  condylar  foramen. 

again  divided  into  an  upper  and  a  lower  surface  by  the  inferior  curved  line ,  which 
can  be  followed  outwards  to  the  extremity  of  the  jugular  process.  The  curved  lines 
and  the  areas  thus  marked  out  give  attachment  to  the  numerous  muscles  of  the  back 
of  the  neck. 

Along  the  highest  curved  line  the  epicranial  aponeurosis  is  fixed  to  the  bone.  To  the 
upper  curved  line  are  attached,  internally  the  trapezius,  and  externally  parts  of  the  occipitalis, 
stemo-cleido-mastoid,  and  splenius  capitis  muscles.  Below  the  upper  line  is  a  large  impression 
for  the  complexus  ;  and  more  externally,  immediately  above  the  outer  part  of  the  lower  line, 
is  a  smaller  mark  where  the  obliquus  capitis  superior  is  inserted.  The  inferior  curved  line 
forms  the  upper  limit  of  two  impressions,  the  inner  one  for  the  rectus  capitis  posticus  minor, 
and  the  outer  one  for  the  rectus  posticus  major.  To  the  lower  part  of  the  protuberance  and 
the  external  occipital  crest  the  ligamentum  nuchas  is  attached. 

The  deep  surface  of  the  bone  is  marked  by  two  smooth  ridges  which  cross  one 
another,  one  extending  from  the  upper  angle  to  the  foramen  magnum,  and  the  other 
transversely  between  the  two  lateral  angles  ;  at  the  point  of  intersection  of  these 


1  F.  Merkel,  “Die  Liuea  nuchas  suprema.”  Leipzig,  1871. 
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ridges  is  the  internal  occipital  protuberance.  Separated  by  the  ridges  are  four  hollows, 
the  superior  and  inferior  occipital  fossce,  which  lodge  respectively  the  posterior 
cerebral  and  the  cerebellar  lobes.  The  superior  part  of  the  longitudinal  and  the 
transverse  ridges  are  grooved  in  the  course  of  the  longitudinal  and  lateral  venous 
sinuses  respectively.  The  wider  space  where  the  longitudinal  groove  is  continued 
into  one  of  the  lateral  grooves  (more  frequently  the  right)  by  the  side  of  the  internal 
occipital  protuberance  lodges  the  torcular  Herophili.  The  inferior  part  of  the 
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Fig.  33. — Occipital  bone,  fkom  before.  (Drawn  by  D.  Gunn.)  f 


longitudinal  ridge  is  sharp,  and  is  named  the  internal  occipital  crest.  The  margins 
of  the  tabular  portion  are  deeply  serrated  above  the  lateral  angles  for  articulation 
with  the  parietal  bones  ;  below  that  level,  they  unite  with  the  mastoid  portions  of 
the  temporal  bones. 

The  condylar  portions  bear  the  articulating  condyles  on  their  lower  part,  close 
to  the  margin  of  the  foramen  magnum  in  its  anterior  half.  The  condyles  are 
elliptical,  and  converge  somewhat  in  front ;  their  surfaces  are  convex  from  behind 
forwards  and  from  side  to  side,  and  somewhat  everted.  On  the  inner  side  of  each 
is  a  rough  impression  for  the  attachment  of  the  lateral  odontoid  ligament  of  the 
axis.  Perforating  the  bone  at  the  base  of  the  condyle  is  the  anterior  condylar 
foramen ,  running  from  the  interior  of  the  cranium  immediately  above  the  foramen 
magnum  outwards  and  forwards,  and  transmitting  the  hypoglossal  nerve.  Behind 
the  condyle  is  a  pit,  posterior  condylar  fossa,  containing  usually  the  posterior  condylar 
foramen ;  this  gives  passage  to  a  vein,  but  it  varies  greatly  in  size,  and  is  often 
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absent  on  one  or  both  sides.  Externally  to  the  condyle  is  a  projecting  portion  of 
bone  known  as  the  jugular  process  ;  this  lies  over  the  transverse  process  of  the  atlas, 
and  is  continuous  behind  with  the  tabular  part,  while  in  front  it  has  a  free  excavated 
margin,  th q  jugular  notch,  which  contributes,  with  a  notch  in  the  temporal  bone,  to 
form  the  jugular  foramen.  Its  extremity  presents  a  small  irregular  surface,  which 
articulates  with  the  jugular  facet  of  the  petrous  part  of  the  temporal  bone  by 
synchondrosis,  passing  into  osseous  union  at  about  twenty-five  years  of  age.  The 
upper  surface  of  the  jugular  process  is  marked  by  a  deep  groove  for  the  lateral  sinus 
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Fig.  34. — Right  parietal  bone  :  external  surface.  (Drawn  by  D.  Gunn.)  § 

leading  to  the  jugular  notch,  and  here  is  seen  the  inner  opening  of  the  posterior 
condylar  foramen  ;  the  under  surface  is  rough  for  the  insertion  of  the  rectus  capitis 
lateralis  muscle. 

The  basilar  process  projects  forwards  and  upwards  in  the  middle  of  the  base 
of  the  skull.  It  increases  in  thickness  and  diminishes  in  breadth  towards  its 
extremity.  On  the  inferior  surface  in  the  mid-line  is  a  small  elevation,  pharyngeal 
tubercle,  for  the  attachment  of  the  fibrous  raphe  of  the  pharynx,  and  on  each  side  of 
this  are  impressions  for  the  rectus  capitis  anticus  major  and  minor  muscles.  Its 
superior  surface  presents  a  central  smooth  hollow,  the  basilar  groove,  which  supports 
the  medulla  oblongata,  and  close  to  each  lateral  margin  a  shallow  groove  for  the 
inferior  petrosal  sinus. 

Varieties. — The  portion  of  the  bone  above  the  superior  curved  lines,  which  represents  the 
interparietal  bone  of  lower  animals,  is  in  rare  cases  separated  from  the  rest  by  a  suture 
running  transversely  from  one  lateral  angle  to  the  other ;  partial  separation  by  lateral  fissures 
is  often  _  met  with  (p.  73).  The  area  between  the  superior  and  highest  curved  lines  is 
occasionally  very  prominent,  constituting  the  torus  occipitalis  transversus.  In  some  bones 
there  is  a  groove  along  the  internal  occipital  crest  for  the  occipital  sinus.  The  anterior 
condylar  foramen  is  not  unfrequently  double.  An  intrajugular  process  is  often  seen  in  the 
form  of  a  small  projection  at  the  fore  part  of  the  jugular  notch  ;  occasionally  it  is  longer,  and 
meets  the  petrous  portion  of  the  temporal  bone  (p.  71).  A  projection  from  the  under  aspect 
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of  the  jugular  process  represents  the  paramastoid  process  of  many  mammals  :  it  may  be  so  long 
as  to  meet  the  transverse  process  of  the  atlas.  In  rare  cases  an  additional  articulation  is 
formed  between  the  basilar  process  and  the  anterior  arch  of  the  atlas,  or  the  tip  of  the  odontoid 
process. 

THE  PARIETAL  BONE. 

The  parietal  bones  form  a  considerable  part  of  the  roof  of  the  skull.  They 
have  the  shape  of  quadrilateral  plates,  convex  externally,  concave  internally.  They 
.are  a  little  broader  and  thicker  above  than  below  ;  the  anterior  inferior  angle  is  the 
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Fig.  35. — Right  parietal  bone:  internal  surface.  (Drawn  by  D.  Gunn.) 


most  projecting.  They  articulate  with  each  other  in  the  middle  line  above,  with  the 
frontal  bone  anteriorly,  the  occipital  posteriorly,  and  the  temporal  and  sphenoid 
below. 

On  the  outer  surface ,  near  its  middle,  a  more  marked  convexity  exists,  forming 
the  parietal  eminence.  Passing  through  or  close  below  this  are  the  superior 
and  inferior  temporal  lines,  enclosing  between  them  a  narrow  curved  portion  of 
the  surface,  which  is  usually  smoother  and  more  polished  than  the  rest.  Below  the 
inferior  temporal  line  is  the  temporal  surface,  somewhat  flattened,  forming  part  of  the 
temporal  fossa,  and  giving  origin  to  the  temporal  muscle.  The  surface  above  the 
upper  line  is  covered  only  by  the  scalp.  Close  to  the  upper  border,  and  nearer 
to  the  posterior  angle,  is  the  small  parietal  foramen. 

The  inner  surface  is  concave,  the  deepest  part,  opposite  the  parietal  eminence, 
being  known  as  the  parietal  fossa ;  it  is  marked  by  shallow  depressions  corresponding 
with  the  convolutions  of  the  brain,  and  by  narrower  furrows,  branching  upwards  and 
backwards  from  the  lower  border,  for  the  meningeal  vessels.  The  largest  of  these 
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grooves,  running  from  the  anterior  inferior  angle,  is  sometimes  converted  into  a 
canal  for  a  short  distance.  A  slight  depression  along  the  inner  part  of  the  superior 
border  forms,  with  the  one  of  the  opposite  side,  the  groove  of  the  longitudinal  sinus : 
and  a  depression  at  the  posterior  inferior  angle  forms  a  small  part  of  the  groove 
of  the  lateral  sinus.  Rear  the  upper  border  there  are  in  most  skulls,  but  particularly 
in  those  of  old  persons,  small  irregular  pits,  lodging  the  Pacchionian  bodies. 

Borders. — The  anterior,  superior,  and  posterior  borders  are  deeply  serrated.  The 
inferior  border  presents  in  the  greater  part  of  its  extent  a  sharp  or  squamous  edge, 
with  a  slightly  fluted  surface  directed  outwards,  and  overlapped  at  its  anterior 
extremity  by  the  great  wing  of  the  sphenoid,  and  behind  that  by  the  squamous  part 


of  the  temporal  bone  ;  its  posterior  part  is  serrated,  and  articulates  with  the  mastoid 
portion  of  the  temporal.  The  anterior  border  is  slightly  overlapped  by  the  frontal 
bone  above,  but  overlaps  the  edge  of  that  bone  below. 

Varieties. — The  parietal  foramen  varies  greatly  ;  frequently  it  is  absent  on  one  or  both 
sides ;  in  extreme  cases  it  has  been  seen  more  than  half  an  inch  in  diameter.  As  a  rare 
occurrence  the  parietal  bone  is  divided  by  a  suture  into  an  upper  and  a  lower  part.  In  senile 
bones  considerable  depressions  of  the  outer  surface  are  sometimes  met  with,  the  floor  of  which 
is  not  thicker  than  paper ;  usually  on  both  sides  and  symmetrical  (Humphry,  Med.  Chir 
Trans.,  1890). 


THE  FRONTAL  BONE. 

The  frontal  bone,  arching  upwards  and  backwards  above  the  orbits,  forms  the 
fore  part  of  the  cranium  ;  it  likewise  presents  interiorly  two  thin  horizontal  laminae, 
the  orbital  plates ,  which  form  the  roofs  of  the  orbits,  and  are  separated  by  a  median 
excavation,  the  ethmoidal  notch.  It  articulates  with  twelve  bones,  viz.,  posteriorly 
with  the  parietals  and  sphenoid  ;  outride  the  orbits  with  the  malars  ;  and  between 
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the  orbits,  from  before  backwards,  with  the  nasal,  superior  maxillary,  lachrymal,  and 
ethmoid  bones. 

Anterior  surface. — The  part  forming  the  greatest  convexity  of  the  forehead  on 
each  side  is  called  the  frontal  eminence.  It  is  separated  by  a  slight  depression  below 
from  the  superciliary  ridge ,  a  curved  elevation  of  varying  prominence  above  the 
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Fig.  37. — Frontal  bone,  from  below.  (Drawn  by  D.  Gunn.)  § 
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margin  of  the  orbit.  Between  the  superciliary  ridges  is  the  surface  called  glabella. 
The  margin  of  the  orbit,  the  orbital  arch,  is  most  defined  towards  its  outer  part  ;  it 
presents  towards  its  inner  third  the  supraorbital  notch,  sometimes  a  foramen,  which 
transmits  the  supraorbital  nerve  and  artery.  The  extremities  of  the  orbital 
arch  point  downwards,  and  form  the  internal  and 
external  angular  processes :  the  internal  is  but  slightly 
marked  ;  it  meets  the  lachrymal  bone  :  the  external  is 
strong  and  projecting,  and  articulates  with  the  malar 
bone.  The  temporal  crest  springs  from  the  external 
angular  process,  and  arches  upwards  and  backwards  to 
be  continued  into  the  temporal  lines  of  the  parietal 
bone  :  it  separates  the  temporal  from  the  frontal  part 
of  the  outer  surface  of  the  bone. 

Inferior  surface. — The  orbital  surfaces  are  some¬ 
what  triangular,  their  internal  margins  being  parallel, 
while  the  external  are  directed  backwards  and  inwards. 

Close  to  the  external  angular  process  is  the  lachrymal 

fossa,  which  lodges  the  lachrymal  gland  ;  and  close  to  the  internal  angular  pro¬ 
cess  is  a  small  depression,  trochlear  fossa,  where  the  pulley  of  the  superior 
oblique  muscle  is  attached.  Between  the  orbits  in  front  is  the  nasal  notch, 
bounded  by  a  narrow  semilunar  serrated  surface  which  articulates  with  the  upper 
ends  of  the  nasal  bones  and  the  nasal  processes  of  the  superior  maxillae.  Occu¬ 
pying  the  concavity  of  the  notch  is  the  nasal  process  (Henle),  which  projects 
beneath  the  nasal  and  maxillary  bones,  supporting  the  bridge  of  the  nose.  On 
the  posterior  aspect  of  the  nasal  process  are  a  small  grooved  surface  on  each 
side,  which  enters  into  the  formation  of  the  roof  of  the  nasal  fossa,  and  a 


Fig.  38. — Transverse  section  of 
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median  ridge,  which  is  continued  into  a  sharp  process  of  variable  length,  the  nasal 
spine.  The  latter  descends  in  the  septum  of  the  nose,  between  the  crest  of  the  nasal 
bones  in  front  and  the  vertical  plate  of  the  ethmoid  behind.  Between  the 
ethmoidal  notch  and  the  inner  margin  of  the  orbital  surface  is  an  irregular  area 
occupied  by  depressions  forming  the  roofs  of  cells  in  the  ethmoid  bone.  Traversing 
this  surface  are  two  grooves,  which  complete,  with  the  ethmoid,  the  anterior 
and  posterior  internal  orbital  canals  ;  the  anterior  transmits  the  nasal  nerve  and  the 
anterior  ethmoidal  vessels;  the  other,  the  posterior  ethmoidal  vessels.  Farther 
forward  is  the  opening  of  the  frontal  sinus,  a  cavity  which  extends  within  the  bone 
for  a  variable  distance  behind  the  superciliary  ridges.  Outside  and  behind  the 


Fig.  39. — Frontal  bone,  from  behind.  (Drawn  by  D.  Gunn.)  § 


orbital  surface  there  is  a  large  rough  triangular  area  w'hich  articulates  with  the  great 
wing  of  the  sphenoid. 

Cerebral  surface. — This  surface  forms  a  large  concavity,  except  over  the  roofs 
of  the  orbits,  which  are  convex.  Upon  it  are  seen  the  impressions  of  the  cerebral 
convolutions,  which,  with  the  intervening  ridges,  are  strongly  marked  over  the  orbits. 
A  groove,  the  frontal  sulcus,  lodging  the  superior  longitudinal  sinus,  descends  from  the 
middle  of  the  upper  margin  of  the  bone,  and  is  succeeded  by  the  frontal  crest,  a  ridge 
which  runs  down  nearly  to  the  lower  margin.  A  small  foramen,  usually  formed  in 
part  by  the  crista  galli  of  the  ethmoid,  is  situated  at  the  base  of  the  frontal  crest ; 
it  is  known  as  the  foramen  caecum,  being  generally  closed  below,  but  it  may  transmit 
a  minute  vein  from  the  nasal  fossae.  On  each  side  small  ramifying  furrows,  which 
lodge  branches  of  the  middle  meningeal  vessels,  run  inwards  from  the  lateral  margin 
of  the  bone  ;  and  at  the  upper  part,  in  the  neighbourhood  of  the  longitudinal  groove, 
are  some  depressions  for  Pacchionian  bodies.  The  upper  and  greater  part  of 
the  edge  encompassing  the  cerebral  surface  of  the  bone  is  serrated,  and  articulates 
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with  the  parietal  bones  in  the  coronal  suture  in  the  manner  before  described  ;  the 
lower  transverse  part  is  thin  and  uneven,  and  articulates  with  the  greater  and  lesser 
wings  of  the  sphenoid. 

Varieties. — The  trochlear  fossa  is  often  faintly  marked  or  absent  ;  on  the  other  hand 
there  may  be  a  small  prominence,  the  trochlear  spine ,  by  the  side  of  the  depression  (10  per  cent., 
Merkel).  The  frontal  bone  is  at  times  divided  by  a  median  frontal  or  metopie  suture ,  the  two 
parts  of  the  infantile  bone  having  failed  to  unite.  This  condition,  which  is  termed  nietopism, 
was  found  by  Anutschin  to  exist  in  8'7  per  cent,  of  European  skulls,  in  5T  per  cent,  in  Mon¬ 
golian  races,  in  1*2  per  cent,  of  Negro,  and  1  per  cent,  of  Australian  skulls.  A  trace  of  the 
metopie  suture  is  to  be  seen  in  nearly  all  adult  frontal  bones  above  the  root  of  the  nose  (fig.  36). 

THE  TEMPORAL  BONE. 

The  temporal  bone  takes  part  in  the  formation  of  the  side  and  base  of  the  skull, 
and  contains  in  its  interior  the  organ  of  hearing.  It  is  usually  described  in  three 
parts,  viz.,  an  expanded  anterior  and  superior  part,  the  squamous  portion,  including 
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the  zygomatic  process,  a  thicker  posterior  portion,  the  mastoid ,  and  below  and 
between  these  the  petrous  portion,  a  three-sided  pyramid,  exhibiting  at  its  base 
externally  the  aperture  of  the  ear,  and  projecting  forwards  and  inwards  into  the  base 
of  the  skull. 

It  articulates  posteriorly  and  internally  with  the  occipital  bone,  superiorly  with 
the  parietal,  anteriorly  with  the  sphenoid,  by  the  zygomatic  process  with  the  malar, 
and  by  the  glenoid  cavity  with  the  inferior  maxillary  bone. 

The  squamous  portion,  or  squamo-zygomatic,  extends  forwards  and  upwards 
from  its  connection  with  the  other  portions,  and  is  limited  superiorly  by  an  arched 
border  which  describes  about  two -thirds  of  a  circle. 
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The  inner  surface  is  marked  by  cerebral  impressions,  and  by  meningeal  grooves. 
At  its  upper  border  the  outer  table  is  prolonged  considerably  beyond  the  inner, 
forming  a  thin  scale  with  the  fluted  surface  looking  inwards  and  overlapping  the 
corresponding  bevelled  edge  of  the  parietal  bone.  But  in  fiont,  at  its  lower  part, 
the  border  is  thicker,  looks  forwards  and  inwards,  is  bevelled  slightly  on  the  outer 
side,  and  serrated  for  articulation  with  the  great  wing  of  the  sphenoid. 

The  outer  surface  is  in  its  greatest  extent  vertical,  with  a  slight  convexity,  and 
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Fig.  41. — Right  temporal  bone:  inner  view.  (Drawn  by  D.  Gunn.) 

The  bone  is  rotated  slightly  about  a  sagittal  axis,  the  upper  border  being  moved  inwards. 


forms  part  of  the  temporal  fossa.  Above  the  aperture  of  the  ear  it  is  marked  by  a 
small,  nearly  vertical  furrow  for  the  middle  temporal  artery.  From  the  lowest 
part  of  this  surface  a  long  process,  the  zygoma ,  takes  origin. 

The  zygoma ,  or  zygomatic  process,  is  connected  with  the  lower  and  outer  part  of 
the  squamous  portion,  and  is  of  considerable  breadth  at  its  base,  which  projects 
outwards.  It  then  turns  forwards,  becomes  narrower,  and  is  twisted  on  itself  so  as 
to  present  outer  and  inner  surfaces  and  upper  and  lower  borders.  The  superior 
margin  is  thinner,  and  prolonged  farther  forwards  than  the  inferior.  The  extremity 
is  serrated,  and  articulates  with  the  malar  bone.  At  its  base  the  zygoma  presents 
two  roots  :  the  anterior,  continuous  with  the  lower  border,  is  a  broad  convex  ridge, 
directed  inwards  on  the  under  aspect  of  the  bone  :  the  posterior,  also  called  the 
supramastoid  crest,  is  prolonged  from  the  upper  border  ;  it  passes  backwards  above 
the  external  auditory  meatus,  marking  the  line  of  division  between  the  squamous 
and  mastoid  portions  of  the  bone,  and  turning  upwards  posteriorly  forms  the 
boundary  of  the  temporal  fossa.  At  the  place  where  the  two  roots  diverge  is  a 
slight  tubercle,  which  gives  attachment  to  the  external  lateral  ligament  of  the  lower 
iaw.  Between  the  two  roots  is  the  glenoid  fossa,  a  considerable  hollow,  elongated 
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from  without  inwards,  and  divided  into  two  parts  by  the  nearly  transverse  fissure 
■of  Glaser.  The  posterior  part  of  the  glenoid  fossa  is  formed  by  the  tympanic  plate 
of  the  petrous  division  of  the  bone,  is  non-articular,  and  lodges  a  portion  of  the 
parotid  gland  :  the  anterior  part  of  the  fossa,  together  with  the  cylindrical  elevation, 
articular  eminence ,  formed  by  the  anterior  root  of  the  zygoma  in  front  of  the  hollow, 
is  coated  with  cartilage, 
and  forms  the  concavo- 
convex  surface  for  arti¬ 
culation  with  the  lower 
jaw ;  the  articular  cavity 
is  bounded  behind  by 
n  small  conical  process 
which  descends  in  front 
of  the  external  auditory 
meatus,  and  is  known  as 
the  postglenoid  process. 

In  front  of  the  articular 
eminence,  and  separated 
from  the  temporal  sur¬ 
face  by  a  slight  ridge,  is 
a  small  triangular  area 
which  enters  into  the 
zygomatic  fossa. 

The  mastoid  por¬ 
tion  is  rough  externally 
for  the  attachment  of 
muscles,  and  is  prolonged 
downwards  behind  the 
aperture  of  the  ear  into 
a  nipple-shaped  projec¬ 
tion — the  mastoid  pro¬ 
cess.  This  process  has 
on  its  inner  side  a  deep 
groove, the  digastric fossa, 
which  gives  attachment 
to  the  digastric  muscle  ;  and  internal  to  that  is  the  slight  occipital  groove ,  for  the 
occipital  artery.  The  internal  surface  of  the  mastoid  portion  is  marked  by  a  deep 
sigmoid  depression,  which  is  part  of  the  groove  of  the  lateral  sinus.  A  passage 
for  a  vein,  of  very  variable  size,  the  mastoid  foramen ,  usually  pierces  the  bone 
near  its  posterior  margin,  and  opens  into  the  groove. 

The  petrous  portion,  so  named  from  its  hardness,  contains  the  organ  of 
hearing.  It  forms  a  three-sided  pyramid,  with  its  base  directed  outwards,  one 
surface  looking  downwards,  and  the  other  two  turned  towards  the  interior  of  the 
skull. 

Inferior  surface,  base ,  and  apex. — At  the  base  is  the  aperture  of  the  ear.  It 
forms  a  short  canal,  the  external  auditory  meatus,  directed  inwards  and  a  little 
forwards,  narrower  in  the  middle  than  at  its  extremities,  and  leading  into  the  cavity 
of  the  tympanum,  part  of  which  is  seen  from  the  exterior  in  the  macerated  bone. 
The  external  orifice  is  bounded  above  by  the  posterior  root  of  the  zygoma,  and  in 
the  remainder  of  its  circumference  chiefly  by  the  external  auditory  process,  a  curved 
uneven  border,  to  which  the  cartilage  of  the  ear  is  attached.  This  process  is  the 
thickened  outer  extremity  of  the  tympanic  plate,  a  lamina  one  surface  of  which 
forms  the  anterior  and  inferior  wall  of  the  external  auditory  meatus  and  the 
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Fig.  42. — Right  temporal  bone,  from  below.  (Drawn  by  D.  Gunn.) 
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tympanum,  while  the  other  looks  towards  the  glenoid  fossa.  The  upper  margin  of 
the  tympanic  plate  sinks  beneath  the  squamous,  and  forms  the  posterior  boundary 
of  the  fissure  of  Glaser ;  while  its  lower  margin  descends  as  a  sharp  edge,  the 
vaginal  process,  which  partly  surrounds  the  styloid  process  at  its  base.  The  styloid 
process  is  long  and  tapering,  and  is  directed  downwards  and  forwards.  It  is  placed 
in  front  of  the  digastric  fossa,  and  has  immediately  behind  it  the  foramen  which 
forms  the  outlet  of  the  canal  of  the  facial  nerve,  named  stylo-mastoid  from  its 
position  between  the  styloid  and  mastoid  processes.  Internal  to  the  stylo-mastoid 
foramen  is  a  small  irregular  surface,  the  jugular  facet ,  which  articulates  by  syn¬ 
chondrosis  with  the  jugular  process  of  the  occipital  bone.  In  front  of  this  comes 
a  smooth  and  deep  depression,  the  jugular  fossa ,  which  forms  with  the  jugulai 
notch  of  the  occipital  bone  the  jugular  foramen.  In  front  of  the  jugular  fossa  is 
the  carotid  foramen ,  the  inferior  extremity  of  the  carotid  canal  ;  and  internal  to  the 
carotid  foramen  is  a  rough,  free  surface  which  is  continued  into  the  inner 
extremity,  or  apex  of  the  petrous  bone.  The  carotid  canal  ascends  at  first  perpen¬ 
dicularly,  then  turns  horizontally  forwards  and  inwards,  and  emerges  at  the  apex, 
close  to  the  anterior  margin  ;  it  transmits  the  internal  carotid  artery. 

The  posterior  surface  looks  backwards  and  inwards,  and  forms  part  of  the 
posterior  fossa  of  the  base  of  the  skull.  About  the  centre  of  this  surface  is  a  large 
orifice  leading  into  a  short  canal  which  is  directed  outwards,  the  internal  auditory 
meatus.  This  canal  is  terminated  by  a  plate  of  bone  named  the  lamina  cribrosa, 
from  the  numerous  minute  apertures  which  it  presents  for  the  divisions  of  the 
auditory  nerve,  while  in  its  upper  and  fore  part  is  the  beginning  of  the  canal  called 
aqueduct  of  Fallopius ,  which  transmits  the  facial  nerve.  The  aqueduct  takes  a  some¬ 
what  circuitous  course  through  the  petrous  bone,  passing  outwards  and  backwards 
over  the  labyrinth  of  the  ear,  and  then  downwards  to  terminate  at  the  stylo-mastoid 
foramen. 

The  anterior  or  upper  surface  looks  upwards  and  forwards,  and  forms  part  of  the 
middle  fossa  of  the  base  of  the  skull.  A  depression  near  the  apex  marks  the 
position  of  the  Gasserian  ganglion.  A  narrow  groove  runs  obliquely  backwards  and 
outwards  to  a  foramen  named  the  hiatus  Fallopii ,  which  leads  to  the  aqueduct  of 
Fallopius,  and  transmits  the  large  superficial  petrosal  nerve.  Farther  back  is  a 
rounded  eminence,  indicating  the  situation  of  the  superior  semicircular  canal. 

The  line  of  separation  of  this  surface  of  the  petrous  from  the  internal  surface  of  the 
squamous  is  marked  by  a  narrow  petrosquamous  fissure ,  commencing  anteriorly  at  the  retiring 
angle  between  the  two  portions,  and  generally  to  be  traced  less  distinctly  to  the  posterior 
border  of  the  bone.  The  portion  of  bone  between  this  fissure  externally  and  the  eminence  of  the 
superior  semicircular  canal  and  the  hiatus  Fallopii  internally  is  a  thin  lamina,  often  perforated, 
which  roofs  in  the  tympanum  and  the  common  canal  of  the  Eustachian  tube  and  tensor 
tympani  muscle,  and  is  known  as  the  teg  men  tympani. 

The  superior  border  is  grooved  for  the  superior  petrosal  sinus.  The  anterior 
border  is  very  short,  and  forms  at  its  junction  with  the  squamous  part  an  angle  in 
which  is  situated  the  orifice  of  the  Eustachian  canal,  the  osseous  portion  of  a  tube 
of  the  same  name,  which  leads  from  the  pharynx  to  the  tympanum  ;  and  above 
this,  partially  separated  from  it  by  a  thin  lamella,  the  cochleariform  process ,  is  a 
small  passage  which  lodges  the  tensor  tympani  muscle.  The  posterior  or  inferior 
border  internal  to  the  jugular  fossa  articulates  with  the  basilar  process  of  the 
occipital  bone,  and  forms  with  that  the  groove  for  the  inferior  petrosal  sinus. 

Small  foramina,  &c. — The  opening  of  the  aqueduct  of  the  vestibule  is  a  narrow  fissure, 
covered  oy  a  depressed  scale  of  bone,  and  situated  on  the  posterior  surface  of  the  petrous  portion, 
about  four  lines  outside  the  internal  auditory  meatus  ;  that  of  the  aqueduct  of  the  cochlea  is  a 
small  foramen,  beginning  in  a  three-sided  wider  depression  in  the  inferior  margin,  directly 
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below  the  internal  auditory  meatus.  In  the  plate  between  the  jugular  fossa  and  the  carotid 
canal  is  the  foramen  by  which  the  nerve  of  Jacobson  passes  to  the  tympanum.  In  the 
ascending  part  of  the  carotid  canal  is  the  minute  foramen  for  the  tympanic  branch  of  the 
carotid  plexus.  In  the  jugular  fossa  are  a  groove  and  foramen  for  the  auricular  branch  of  the 
vagus  nerve  ;  and  parallel  to  the  hiatus  Fallopii,  close  to  the  canal  for  the  tensor  tympani 
muscle,  are  a  groove  and  foramen  for  the  small  superficial  petrosal  nerve. 

The  so-called  fissure  of  G-laser  is  in  the  inner  portion  of  its  extent  a  double  cleft,  the 
tympanic  plate  being  here  separated  from  the  squamous  division  of  the  bone  by  a  descending 
process  of  the  tegmen  tympani,  which  forms  the  greater  part  of  the  outer  wall  of  the  common 
canal  of  the  tensor  tympani  and  Eustachian  tube.  Between  this  process  and  the  tympanic 
plate  is  a  small  orifice  leading  to  the  cavity  of  the  tympanum,  and  lodging  in  the  recent 
state  the  slender  process  of  the  malleus  and  the  tympanic  branch  of  the  internal  maxillary 
artery ;  farther  inwards  is  another  small  canal  by  which  the  chorda  tympani  nerve  issues. 
The  outer  portion  of  the  Glaserian  fissure  is  entirely  closed. 

The  fundus  of  the  internal  auditory  meatus  may  be 
most  conveniently  studied  in  an  infantile  bone,  where  the 
canal  is  short  and  the  apertures  relatively  wide.  A  hori¬ 
zontal  ridge,  named  crista  falciformis,  runs  from  the  anterior 
wall  of  the  meatus  across  the  lamina  cribrosa,  so  as  to  sepa¬ 
rate  a  small  superior  from  a  large  inferior  fossa.  At  the 
bottom  of  the  superior  fossa  is  a  collection  of  minute  aper¬ 
tures  giving  passage  to  the  filaments  of  the  superior  division  of 
the  auditory  nerve,  and  constituting  the  area  cribrosa  superior; 
while  the  orifice  of  the  aqueduct  of  Fallopius  is  placed  on  the 
anterior  wall  of  the  fossa.  In  the  inferior  fossa  are  seen — 

1,  the  area  cribrosa  media ,  below  the  hinder  part  of  the  crest, 
for  the  nerve  to  the  saccule  ;  2,  the  foramen  singular e,  at 
the  lower  and  posterior  part  of  the  fossa,  transmitting  the  nerve  of  the  posterior  semicircular 
canal ;  and  3,  the  tr actus  spiralis  foraminulentus,  for  the  cochlear  division  of  the  auditory 
nerve,  a  series  of  minute  holes  beginning  below  the  area  cribrosa  media,  forming  one  turn 
and  a  half  in  a  depression  corresponding  to  the  base  of  the  cochlea,  and  ending  at  the  foramen 
centrale  cochlece ,  the  orifice  of  the  central  canal  of  the  modiolus. 

From  the  fore  part  of  the  superior  border  of  the  petrous  portion,  where  there  is  often  a 
small  projection  overhanging  the  upper  end  of  the  groove  for  the  inferior  petrosal  sinus 
(fig.  69),  a  fibrous  band,  the  petro- sphenoidal  ligament,  extends  to  the  lateral  margin  of  the 
dorsum  sellse  of  the  sphenoid  bone.  This  completes  a  foramen  through  which  the  inferior 
petrosal  sinus  and  the  sixth  nerve  pass.  In  rare  cases  the  ligament  is  ossified. 

The  description  of  the  Small  Bones  of  the  Ear,  with  the  Tympanum  and  Internal  Ear,  will 
be  found  in  the  chapter  on  the  Organs  of  the  Senses  in  Yol.  III. 
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THE  SPHENOID  BONE. 

The  sphenoid  bone  is  placed  across  the  base  of  the  skull,  near  its  middle.  It 
enters  into  the  formation  of  the  cavity  of  the  cranium,  the  orbits,  and  the  nasal  fossas. 
It  is  of  very  irregular  shape,  and  consists  of  a  central  part  or  body ,  a  pair  of  lateral 
expansions  called  the  great  icings ,  a  pair  of  smaller  horizontal  processes  above,  called 
the  small  icings ,  and  a  pair  which  project  downwards,  the  pterygoid processes. 

The  sphenoid  is  articulated  with  all  the  seven  other  bones  of  the  cranium  and 
with  five  of  those  of  the  face,  viz.,  posteriorly  with  the  occipital  and  with  the 
petrous  portions  of  the  temporals,  anteriorly  with  the  ethmoid,  palate,  frontal,  and 
malars,  laterally  with  the  squamous  portions  of  the  temporals,  the  parietals,  and 
frontal,  and  interiorly  with  the  vomer  and  palate  bones  ;  sometimes  it  touches  also 
the  superior  maxilla. 

The  body  is  hollowed  out  into  two  large  cavities,  the  sphenoidal  sinuses, 
separated  by  a  thin  median  lamina,  the  sphenoidal  septum,  and  opening  anteriorly 
into  the  nasal  fossae  by  two  rounded  apertures.  The  superior  surface  presents  in 
the  middle,  a  deep  pit,  the  pituitary  fossa  or  sella  turcica ,  which  lodges  the 
pituitary  body.  In  front  of  the  fossa  is  an  elevated  portion  of  bone  on  a  level 
with  the  optic  foramina,  the  olivary  eminence,  on  which  the  optic  commissure  rests 
in  the  slight  optic  groove ;  and  in  front  of  this  is  a  surface  on  a  somewhat  higher  level, 
continuous  with  the  superior  surfaces  of  the  small  wings,  and  having  a  slight  pro- 
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lection  forwards  of  its  anterior  border,  which  articulates  with  the  cribriform  plate 
of  the  ethmoid,  and  is  called  the  ethmoidal  spine.  Behind  the  pituitary  fossa  is  a 
prominent  lamella,  the  dorsum  sell ce,  the  posterior  surface  of  which  is  sloped 
upwards  and  forwards  in  continuation  of  the  basilar  groove  of  the  occipital  bone. 
The  angles  of  this  lamella  project  over  the  fossa,  and  are  called  the  posterior  clinoid 
processes.  On  each  side  of  the  body  the  surface  descends  obliquely  to  a  considerably 
lower  level  than  the  fossa  :  it  presents  close  to  the  margin  of  the  fossa  a  superficial 
winding  groove  directed  from  behind  forwards,  marking  the  course  of  the  internal 
carotid  artery.  Behind  the  commencement  of  the  groove,  and  at  the  lower  end  of 
the  lateral  margin  of  the  dorsum  sell®  is  a  compressed  projection,  the  petrosal 
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Fig.  44. — The  sphenoid  bone,  from  above.  (Drawn  by  D.  Grunn.) 


process  of  the  sphenoid ,  which  fits  against  the  apex  of  the  petrous  part  of  -the 
temporal  bone  ;  and  opposite  to  this,  on  the  outer  side  of  the  groove,  the  more 
slender  tongue-like  process  termed  lingula  sphenoidalis  projects  backwards  in  the 
angle  between  the  body  and  great  wing. 

The  posterior  surface  is  united  to  the  basilar  process  of  the  occipital  bone,  in 
early  life  by  cartilage,  but  in  adult  age  by  continuous  bony  substance. 

The  anterior  surface  is  marked  in  the  middle  line  by  the  sphenoidal  crest ,  a  thin 
projecting  edge  which  descends  from  the  ethmoidal  spine,  and  articulates  with  the 
vertical  plate  of  the  ethmoid.  The  oblong  surface  on  each  side  of  the  crest  is 
divided  into  a  mesial  and  a  lateral  part  :  the  lateral  part  is  irregularly  excavated, 
and  articulates  with  the  lateral  mass  of  the  ethmoid  and  the  orbital  process  of  the 
palate  bone  :  the  mesial  part  is  smooth  and  free,  entering  into  the  formation  of  the 
roof  of  the  nasal  fossa,  and  presenting  near  its  upper  end  the  rounded  orifice  of  the 
sphenoidal  sinus.  The  sphenoidal  crest  terminates  below  in  the  rostrum ,  a  sharp 
vertical  prominence  which  is  continued  back  some  distance  on  the  inferior  surface , 
and  fits  in  between  the  alee  of  the  vomer.  These  last  and  the  vaginal  processes  of 
the  internal  pterygoid  plates  cover  the  great  part  of  the  inferior  surface  of  the  body. 

The  sphenoidal  turbinate  or  spongy  bones  ( cornua  sjyhenoidalia,  bones  of  Bertiri)  form  a 
considerable  part  of  the  anterior  wall  of  the  body  of  the  sphenoid,  bounding  the  foramen  of 
each  sinus.  These  bones  have  a  triangular  form,  with  the  apex  directed  downwards  and  back¬ 
wards,  and  are  in  the  adult  usually  incorporated  with  the  sphenoid,  but  as  explained  in  the 
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account  of  their  development,  were  originally  distinct.  They  are  commonly  united  by  earlier  or 
stronger  anchylosis  with  the  ethmoid  or  palate  bones,  so  as  to  come  away,  at  least  in  part,  with 
either  of  these  in  disarticulation  of  the  skull,  and  thus  lay  open  the  sphenoidal  sinuses.  A  small 
portion  of  these  bones  sometimes  appears  on  the  inner  wall  of  the  orbit,  between  the  ethmoid,, 
frontal,  sphenoid,  and  palate  bones  (Cleland  in  Phil.  Trans.,  1862). 

Each  lateral  surface  of  the  body  is  for  the  most  part  occupied  by  the  attachments 
of  the  two  wings,  but  at  the  fore  part,  below  the  root  of  the  small  wing,  there  is  a 
small  free  surface  which  bounds  the  sphenoidal  fissure  internally  and  forms  the  hind¬ 
most  portion  of  the  inner  wall  of  the  orbit  (fig.  69,  p.  66). 

The  small  or  orbital  wings  extend  nearly  horizontally  outwards  on  a  level  with 
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Fig.  45. — The  sphenoid  bone,  from  behind.  (Drawn  by  D.  Grunn.) 


the  fore  part  of  the  superior  surface  of  the  body.  The  extremity  of  each  is  slender 
and  pointed,  and  comes  very  close  to,  but  usually  not  into  actual  contact  with,  the 
great  wing.  The  superior  surface  forms  part  of  the  anterior  fossa  of  the  base  of  the 
cranium  ;  the  inferior  overhangs  the  sphenoidal  fissure  and  the  back  of  the  orbit. 
The  anterior  border,  thin  and  serrated,  articulates  with  the  orbital  plate  of  the 
frontal  bone.  The  posterior  border  is  prominent  and  free,  and  forms  the  boundary 
between  the  anterior  and  middle  cranial  fosses,  terminating  internally  in  a  smooth 
rounded  projection,  the  anterior  clinoid  process.  Between  the  anterior  clinoid  pro¬ 
cess  and  the  olivary  eminence  is  a  semicircular  notch  in  which  the  carotid  groove 
terminates ;  and  in  front  of  this  is  the  optic  foramen  perforating  the  base  of  the 
wing. 

The  great  or  temporal  wings  project  outwards  and  upwards  from  the  sides  of 
the  body.  The  back  part  of  each  is  placed  horizontally,  and  occupies  the  angle 
between  the  petrous  and  squamous  portions  of  the  temporal  bone  ;  from  its  pointed 
extremity  it  sends  downwards  a  short  and  sharp  projection,  the  spinous  process.. 
The  upper  and  fore  part  is  vertical,  and  three-sided,  lying  between  the  cranial 
cavity  the  orbit,  and  the  temporal  fossa  (fig.  66,  p.  64).  The  cerebral  surface  of  the 
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great  wing  is  concave,  and  forms  part  of  the  middle  fossa  of  the  naseof  the  cranium. 
The  external  surface  (temporo-zygomatic)  is  divided  by  a  ridge,  infratemporal  crest , 
into  an  inferior  part,  which  looks  downwards  into  the  zygomatic  fossa,  and  an  elongated 
superior  part,  looking  outwards,  which  forms  a  part  of  the  temporal  fossa  (fig.  68, 
p.  66).  The  anterior  surface  looks  forwards  and  inwards,  and  consists  of  a  quadri¬ 
lateral  orbital  portion,  which  forms  the  back  part  of  the  external  wall  of  the  orbit,  and 
Df  a  smaller  inferior  portion  which  overhangs  the  pterygoid  process,  looks  into  the 
spheno-maxillary  fossa,  and  is  perforated  by  the  foramen  rotundum.  The  posterior 
border  in  its  mesial  part  bounds  the  foramen  lacerum,  in  its  lateral  part  articulates 
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Fig.  46. — The  sphenoid  bone,  from  before.  (Drawn  by  D.  Gunn.) 


with  the  petrous,  and  forms  with  that  a  groove  on  the  under  aspect  for  the  carti¬ 
laginous  part  of  the  Eustachian  tube.  The  external  margin  articulates  with  the 
squamous,  and  the  extremity  overlaps  the  anterior  inferior  angle  of  the  parietal.  In 
front  of  this  comes  a  triangular  surface,  the  sides  of  which  are  formed  by  the  upper 
margins  of  the  cerebral,  orbital,  and  temporal  surfaces  respectively,  for  articulation 
with  the  frontal  bone.  The  anterior  margin ,  between  the  orbital  and  temporal 
surfaces,  articulates  with  the  malar  bone  ;  and  below  this  is  a  short  horizontal  free 
eige  separating  the  zygomatic  and  spheno-maxillary  surfaces.  Above  and  internally 
the  orbital  and  cerebral  surfaces  meet  at  the  sharp  border  which  forms  the  inferior 
boundary  of  the  sphenoidal  fissure,  and  which  is  frequently  marked  at  its  inner  part 
by  a  small  projection  giving  attachment  to  the  lower  head  of  the  external  rectus 
muscle  of  the  eyeball. 

The  pterygoid  processes  project  downwards  and  slightly  forwards  from  the 
adjacent  parts  of  the  body  and  the  great  wings.  Each  consists  of  two  plates  united 
in  front  and  diverging  behind,  so  as  to  enclose  between  them  the  pterygoid  fossa,  in 
which  the  internal  pterygoid  muscle  arises.  The  external  pterygoid  plate ,  broader 
than  the  internal,  lies  in  a  plane  extending  backwards  and  outwards  ;  its  outer 
surface  bounds  the  zygomatic  fossa,  and  is  impressed  by  the  external  pterygoid 
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muscle.  The  internal  pterygoid  plate  is  longer  and  narrower  than  the  external,  and 
is  prolonged  below  into  the  slender  hook-like  or  hamular  process,  round  which  in  a 
groove  plays  the  tendon  of  the  tensor  palati  muscle.  Above,  the  internal  plate  turns 
inwards  beneath  the  body,  from  which  its  extremity  remains  distinct  as  a  slightly 
raised  edge,  known  as  the  vaginal  process,  which  articulates  with  the  everted  margin 
of  the  vomer  ;  externally  to  this  it  is  marked  by  a  small  groove,  which  contributes 
with  the  palate  bone  to  form  the  ptery go-palatine  canal.  Posteriorly,  the  internal 
pterygoid  plate  forms  at  its  base  a  small  blunt  prominence,  the  pterygoid  tubercle,  to 
the  inner  side  of  and  below  the  orifice  of  the  Yidian  canal ;  between  this  and  the 
pterygoid  fossa  is  a  slight  depression,  called  the  navicular  or  scaphoid  fossa,  occupied 
by  the  attachment  of  the  tensor  palati  muscle  ;  and  lower  down,  on  the  hinder 
margin  of  the  plate,  is  a  projection  which  supports  the  cartilage  of  the  Eustachian 
tube.  The  interval  between  the  lower  ends  of  the  pterygoid  plates,  pterygoid  notch, 
is  occupied  by  the  pyramidal  process  of  the  palate  bone. 

Fissures  and  foramina. — Each  lateral  half  of  the  bone  presents  a  fissure,  four 
foramina,  and  a  canal.  The  sphenoidal  fissure  is  the  obliquely  placed  elongated 
interval  between  the  great  and  small  wings,  closed  externally  by  the  frontal  bone  ; 
it  opens  into  the  orbit,  and  transmits  the  third,  fourth,  and  sixth  nerves,  the 
ophthalmic  division  of  the  fifth  nerve,  and  the  ophthalmic  veins.  Above  and  to  the 
inside  of  the  sphenoidal  fissure  is  the  optic  foramen,  which  is  inclined  outwards  and 
forwards  from  the  side  of  the  olivary  eminence,  pierces  the  base  of  the  small  wing, 
and  transmits  the  optic  nerve  and  the  ophthalmic  artery.  The  foramen  rotundum  is 
directed  forwards  through  the  great  wing,  below  the  sphenoidal  fissure  ;  it  opens 
immediately  below  the  level  of  the  orbit,  and  transmits  the  superior  maxillary  nerve. 
The  foramen  ovale  is  large,  and  placed  behind  and  a  little  external  to  the  foramen 
rotundum,  near  the  posterior  margin  of  the  great  wing  ;  it  is  directed  downwards, 
and  transmits  the  inferior  maxillary  nerve  and  small  meningeal  artery.  The 
foramen  spinosum  is  a  small  foramen  piercing  the  great  wing,  near  its  posterior 
angle,  and  transmits  the  large  middle  meningeal  vessels. 

The  Vidian  or  pterygoid  canal  pierces  the  bone  in  the  sagittal  direction  at  the 
base  of  the  internal  pterygoid  plate.  It  opens  anteriorly  into  the  spheno-maxillary 
fossa,  and  posteriorly  into  the  foramen  lacerum ;  and  through  it  pass  the  Yidian 
nerve  and  vessels. 

Varieties. — A  small  tubercle  is  often  seen  on  each  side  in  front  of  the  pituitary  fossa,  at 
the  base  of  the  olivary  eminence,  and  immediately  internal  to  the  last  part  of  the  carotid 
groove  ;  this  is  known  as  the  middle  clinoid  process ,  and  is  sometimes  connected  by  a  spiculum 
of  bone  to  the  anterior  clinoid  process,  forming  a  carotico-clinoid  foramen.  Less  frequently 
the  anterior  and  posterior  clinoid  processes  are  similarly  united.  There  are  normally  fibrous 
bands,  interclinoid  ligaments ,  beneath  the  dura  mater  in  these  situations  (Gruber).  In  some 
cases  a  superior  petrosal  process  projects  from  the  lateral  margin  of  the  dorsum  sell®  (fig.  69), 
giving  attachment  to  the  petro-sphenoidal  ligament  (p.  43).  The  outer  pterygoid  plate  may 
be  connected  by  a  bridge  of  bone  or  of  ligament  (ptery go-spinous)  with  the  spinous  process. 
The  foramen  ovale  and  foramen  spinosum  are  frequently  incomplete  at  the  posterior  margin 
of  the  bone.  The  name  of  foramen  of  Vesalius  is  given  to  an  aperture  sometimes  present  on 
the  inner  side  of  the  foramen  ovale  :  it  gives  passage  to  an  emissary  vein.  At  the  base  of  the 
spinous  process,  to  the  inner  side  of  the  foramen  spinosum,  there  is  occasionally  a  minute  canal 
(canaliculus  innominatus — Arnold)  transmitting  the  small  superficial  petrosal  nerve. 


THE  ETHMOID  BONE. 

The  ethmoid,  or  sieve-like  bone,  projects  downwards  from  between  the  orbital 
plates  of  the  frontal  bone,  and  enters  into  the  formation  of  the  cranium,  the  orbits, 
and  the  nasal  fossae.  It  is  of  a  cuboid  figure,  and  exceedingly  light  for  its  size, 
being  composed  of  very  thin  plates  of  bone  surrounding  in  great  part  irregular  cells 
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It  consists  of  a  central  vertical  plate,  and  of  two  lateral  musses,  united  at  their 
superior  borders  by  the  horizontal  cribriform  plate.  It  articulates  with  thirteen 
hones  :  the  frontal,  sphenoid  and  vomer,  the  nasal,  lachrymal,  superior  maxillary, 
palate,  and  inferior  turbinate  bones. 

The  vertical  plate  lies  in  the  median  plane,  and  forms  the  upper  third  of  the 
septum  of  the  nose  (fig.  71,  p.  69).  Its  superior  border  appears  in  the  cranial 
cavity,  above  the  cribriform  plate,  in  the  form  of  a  ridge,  rising  anteriorly  into  a 
thick  process,  the  crista  galli,  to  which  the  falx  cerebri  is  attached.  The  posterior 
margin  of  the  crista  galli  is  thin  and  smooth.  The  anterior  is  in  its  lower  part 
broadened  out,  and  divided  into  two  alar  processes,  which  project  laterally,  and  are 
rough  in  front  for  articulation  with  the  frontal  bone  :  between  them  there  is  usually 
a  median  groove  completing  the  foramen  caecum.  Below  the  level  of  the 

cribriform  plate,  the  anterior 
border  of  the  vertical  plate 
slopes  much  forwards,  and 
articulates  with  the  nasal  spine 
of  the  frontal  and  with  the 
nasal  bones.  The  inferior 
margin  articulatesin  front,  and 
sometimes  even  in  its  whole 
extent,  with  the  septal  carti¬ 
lage  of  the  nose  :  in  its  pos¬ 
terior  half,  in  the  adult,  it  is 
more  or  less  completely  joined 
by  osseous  union  on  one  or 
both  sides  to  the  two  plates 
of  the  vomer.  The  posterior 
margin  is  very  thin,  and  is 
united  to  the  crest  of  the 
sphenoid.  This  plate  presents  superiorly  a  number  of  grooves  and  minute  canals, 
leading  from  the  foramina  of  the  cribriform  plate,  for  the  transmission  of  the 
olfactory  nerves. 

Each  lateral  mass  or  labyrinth  encloses  a  number  of  spaces  of  irregular 
form,  arranged  in  three  sets,  the  anterior,  middle,  and  posterior  ethmoidal  cells,  which 
in  the  recent  state  are  lined  with  prolongations  of  the  mucous  membrane  of  the 
nose.  On  its  external  aspect  is  a  thin,  smooth  lamina,  of  an  oblong  form,  the 
orbital  plate  or  os  planum,  which  closes  in  the  middle  and  posterior  ethmoidal  cells,, 
and  forms  a  considerable  part  of  the  inner  wall  of  the  orbit  (fig.  69,  p.  66).  The 
circumference  of  the  orbital  plate  articulates  in  front  with  the  lachrymal,  behind  with 
the  sphenoid,  above  with  the  frontal,  and  below  with  the  superior  maxillary  and  palate 
bones,  which  often  complete  two  or  three  ethmoidal  cells.  At  the  lower  part  of  this 
aspect  is  a  deep  groove,  which  belongs  to  the  middle  meatus  of  the  nose,  and  is 
limited  below  by  the  rolled  margin  of  the  inferior  turbinate  process.  Anteriorly,  the 
groove  curves  upwards,  and  is  continued  into  a  passage  named  the  infundibulum - 
which  leads  through  the  fore  part  of  the  lateral  mass  into  the  frontal  sinus.  Into 
the  horizontal  part  of  the  groove  the  middle  ethmoidal  cells  open,  and  into  the 
ascending  part  the  anterior  ethmoidal  cells.  In  front  of  the  orbital  plate,  the 
lateral  mass  extends  forwards  under  cover  of  the  lachrymal  bone,  which  closes  over 
the  open  anterior  cells  seen  in  the  disarticulated  ethmoid  bone  ;  and  from  this  part 
descends  the  uncinate  process ,  a  long  thin  lamina,  which  curves  backwards,  down¬ 
wards  and  outwards  in  the  groove  of  the  middle  meatus.  In  the  complete  skull  the 
uncinate  process  lies  across  the  orifice  of  the  antrum  of  the  superior  maxilla,  and 
forms  part  of  the  inner  wall  of  that  cavity  ;  at  its  extremity  it  articulates,  by  means 


Fig.  47. — The  ethmoid  bone,  from  the  right  side. 
(Drawn  by  D.  Gunn.) 
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of  one  or  two  irregular  projections,  with  the  ethmoidal  process  of  the  inferior  tur¬ 
binate  bone  (fig.  69,  p.  66). 

The  internal  aspect  of  each  lateral  mass  forms  part  of  the  external  wall  of  the 
nasal  fossa,  and  consists  of  a  thin,  uneven  lamella,  connected  above  with  the  cribri¬ 
form  plate,  and  exhibiting  a  number  of  canals  and  grooves  for  branches  of  the 
olfactory  nerve.  It  is  divided  at  its  back  part  by  a  channel,  directed  forwards  from 
its  posterior  margin  to  about  its  middle.  This  is  the  superior  meatus  of  the  nose , 
and  communicates  with  the  posterior  ethmoidal  cells.  The  short,  thin  plate  which 
overhangs  this  channel,  is  the  superior  tur- 
binate  process  or  spongy  bone.  Below  the 
groove  is  another  plate,  somewhat  thick¬ 
ened  and  rolled  outwards  inferiorly,  the 
inferior  turbinate  process  or  middle  spongy 
hone.  This  is  free  also  in  front  and 


VERTICAL  PLATE 


CRISTA  CALLI 


ALAR  PROCESS 


GROOVE  OF  NASAL  NERVE 

ANT.  INT.  ORB.  CANAL 

CRIBRIFORM  PLATE 


SUP.TURB.  BONE 
SUP.  MEATUS 


MID.  TURB.  BONE 


LATERAL  MASS 


UNCINATE  PROCESS 


Fig.  48. — Right  lateral  mass  of  ethmoid  bone 
inner  surface.  (Drawn  by  D.  Gunn.) 


Fig.  49. — TnE  ethmoid  bone,  from  above. 
(Drawn  by  D.  Gunn.) 


behind,  and,  as  has  already  been  seen  on  the  outer  aspect,  overhangs  the  middle 
meatus  of  the  nose. 

The  superior  margin  of  the  lateral  mass  is  covered,  and  the  cells  completed,  by 
the  projecting  inner  border  of  the  orbital  plate  of  the  frontal  bone  ;  two  grooves  are 
seen  crossing  it,  which  complete  with  the  frontal  bone  the  internal  orbital  canals. 
The  inferior  margin  is  formed  by  the  rounded  edge  of  the  middle  turbinate  bone, 
and  is  free  in  the  nasal  fossa.  The  anterior  extremity  presents  one  or  two  open 
cells,  which  are  closed  by  the  nasal  process  of  the  superior  maxilla ;  and  the  posterior 
extremity  fits  against  the  front  of  the  body  of  the  sphenoid,  where  it  is  commonly 
anchylosed  with  the  sphenoidal  spongy  bone. 

The  cribriform  plate  corresponds  in  size  to  the  ethmoidal  notch  of  the  frontal 
bone,  which  it  occupies.  On  each  side  of  the  crista  galli  it  is  depressed  into  the 
olfactory  groove  which  lodges  the  olfactory  bulb,  and  is  pierced  by  numerous 
foramina  for  transmission  of  the  filaments  of  the  olfactory  nerves.  The  foramina 
in  the  middle  of  the  groove  are  few,  and  simple  perforations  ;  the  internal  and 
external  sets,  more  numerous,  are  the  orifices  of  small  canals  which  subdivide  as 
they  descend  on  the  vertical  plate  and  lateral  mass.  At  the  anterior  extremity  is  a 
small  fissure  on  each  side  of  the  crista  galli,  close  to  its  base  ;  and  externally  to  this 
is  a  notch  or  foramen,  connected  by  a  groove  with  the  anterior  internal  orbital 
canal,  which  transmits  the  nasal  branch  of  the  ophthalmic  nerve. 

f'  '  u 
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THE  SUPERIOR  MAXILLARY  BONE. 

The  upper  jaw,  superior  maxilla,  is  the  principal  bone  of  the  face  ;  it  supports 
all  the  teeth  of  the  upper  range,  and  takes  part  in  the  formation  of  the  hard  palate, 
the  floor  of  the  orbit,  and  the  floor  and  lateral  wall  of  the  nasal  cavity.  It  consists 
of  a  central  part  or  body,  and  four  processes.  The  body  presents  an  external 
surface,  which  is  again  subdivided  into  anterior  or  facial,  and  posterior  or  zygomatic 
portions ;  an  internal  or  nasal  surface,  and  a  superior  or  orbital  surface.  The  pro¬ 
cesses  are — the  nasal  or  ascending,  projecting  upwards  from  the  fore  part  of  the 
body,  the  alveolar,  forming  the  lower  border  of  the  bone  and  containing  the  alveoli 
or  sockets  for  the  teeth,  the  malar  on  the  outer  aspect,  separating  the  facial  and 


zygomatic  surfaces,  and  the  palate  process,  projecting  horizontally  on  the  inner  side. 
The  body  is  farther  excavated  by  a  large  sinus  or  antrum ,  which  opens  on  the  inner 
side  into  the  nasal  fossa.  The  superior  maxillary  bone  articulates  with  its  fellow, 
with  the  nasal,  frontal,  lachrymal,  ethmoid,  palate,  malar,  vomer,  and  inferior  tur¬ 
binate  bones,  and  sometimes  with  the  sphenoid. 

The  facial  surface  is  marked  at  the  lower  part,  where  it  is  continuous  with  the 
outer  surface  of  the  alveolar  process,  by  a  series  of  eminences  corresponding  in 
position  to  the  fangs  of  the  teeth  ;  that  of  the  canine  is  particularly  prominent,  ana 
internal  to  this  is  a  slight  depression,  the  incisor  or  myrtiform  fossa ;  while  between 
it  and  the  malar  process  is  the  deeper  canine  fossa.  Above  the  canine  fossa,  and 
close  below  the  margin  of  the  orbit,  is  the  infraorbital  foramen,  by  which  the  infra¬ 
orbital  nerve  and  artery  issue.  The  inner  margin  of  this  surface  is  deeply  excavated 
by  the  nasal  notch,  the  sharp  edge  of  which  is  produced  below  into  the  anterior 
nasal  spine. 

Tim  zygomatic  surface  looks  into  the  zygomatic  and  spheno -maxillary  fossae  ;  it  is 
convex,  and  presents  about  the  centre  one,  two  or  more  apertures  of  the  posterior 
dental  canals,  transmitting  the  vessels  and  nerves  of  that  name  ;  the  lower  and 
posterior  part  of  this  surface  is  prominent  and  rough,  and  is  distinguished  as  the 
tuberosity. 
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The  nasal  surface  presents  at  the  fore  part  a  nearly  horizontal  ridge,  the  inferior 
turbinate  crest ,  for  articulation  with  the  inferior  turbinate  bone  ;  below  the  crest  is 
a  smooth  concave  surface  belonging  to  the  inferior  meatus  of  the  nose  ;  and  above 
the  crest  a  smaller  surface,  extending  on  to  the  base  of  the  nasal  process,  and  bound¬ 
ing  the  atrium  of  the  middle  meatus.  Behind  the  nasal  process  is  seen  the 
lachrymal  groove ,  nearly  vertical,  but  inclined  slightly  backwards  and  outwards,  about 
half  an  inch  in  length,  and  leading  into  the  inferior  meatus  ;  the  margins  overhang 
the  groove  in  front  and  behind,  and  the  small  interval  left  is  closed  by  the  lachrymal 
and  inferior  turbinate  bones,  thus  completing  the  canal  of  the  nasal  duct.  Behind 
the  lachrymal  groove  is  the  large  opening  into  the  antrum  ;  and  above  this  there  are 


51.—  Right  superior  maxillary  bone:  inner  view.  (Drawn  by  D.  Gunn.) 

often  one  or  two  small  hollows  which  complete  the  middle  ethmoidal  cells.  Behind 
the  opening  of  the  antrum  the  surface  is  rough  for  articulation  with  the  palate  bone  ; 
and  traversing  the  lower  part  of  this  roughness  is  a  smooth  groove,  directed  down¬ 
wards  and  forwards  from  the  posterior  margin,  and  completing  with  the  palate  bone 
the  'posterior  palatine  or  palato-maxillary  canal. 

The  orbital  surface  is  triangular,  flat,  and  smooth  ;  anteriorly  it  reaches  the 
margin  of  the  orbit  for  a  short  distance  at  the  root  of  the  nasal  process  ;  externally 
it  is  bounded  by  the  rough  surface  for  the  malar  bone.  _  The  internal  border  presents, 
behind  the  nasal  process,  an  excavation  which  receives  the  lachrymal  bone,  the 
lachrymal  notch,  and  then  a  nearly  straight  margin  for  articulation  with  the 
ethmoid  and  palate  bones.  The  posterior  border  is  smooth,  rounded  and  free,  and 
bounds  the  spheno-maxillary  fissure  ;  the  infraorbital  groove  commences  here,  and 
leads  forwards  into  the  canal  of  the  same  name,  which  opens  anteriorly  by  the  infra¬ 
orbital  foramen.  From  the  infraorbital  are  given  off  the  anterior  and  middle  dental 
canals ,  which  run  down  in  the  substance  of  the  facial  portion  of  the  bone,  and 
convey  the  anterior  and  middle  dental  vessels  and  nerves. 

The  nasal  'process ,  slender  and  tapering,  has  an  external  surface,  smooth  and 
continuous  with  the  facial  surface  of  the  body,  and  an  internal  surface,  the  hinder 
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part  of  which  is  irregular,  and  fits  against  the  anterior  extremity  of  the  lateral  mass 
of  the  ethmoid,  completing  the  foremost  cells  of  that  bone  ;  in  front  of  this  the 
surface  is  free  in  the  outer  wall  of  the  nasal  fossa,  and  in  its  lower  part  is  crossed  by 
a  smooth  oblique  ridge,  called  the  agger  nasi ,  which  forms  the  upper  boundary  of 
the  atrial  surface  of  the  body.  The  anterior  border  is  rough,  often  grooved,  for 
articulation  with  the  nasal  bone,  and  its  summit  is  serrated  for  articulation  with  the 
frontal.  Posteriorly,  it  presents  a  continuation  of  the  lachrymal  groove ,  which  has 
already  been  seen  on  the  nasal  surface  of  the  body,  and  which  here  lodges  the  lachry¬ 
mal  sac  :  the  groove  is  bounded  internally  by  a  sharp  linear  edge,  which  articulates 
with  the  lachrymal  bone,  and  externally  by  a  smooth  border  which  forms  part  of  the 
orbital  margin. 

The  alveolar  border  or  process,  thick  and  arched,  is  hollowed  out  into  sockets 
or  alveoli ,  corresponding  in  number,  form,  and  depth  to  the  roots  of  the  teeth,  which 
are  fixed  in  them. 

The  malar  process  is  thick  and  triangular  :  its  anterior  and  posterior  surfaces 
are  continuous  with  the  facial  and  zygomatic  surfaces  of  the  body  ;  the  superior  is 

Fig.  52. — Front  part  op  the  palate  and  alveolar  arch  of  an 

ADULT.  I 

Showing  the  openings  into  the  anterior  palatine  fossa.  1,  2,  are 
placed  on  the  palate  plates  of  the  superior  maxillary  hones  ;  4,  anterior 
palatine  fossa,  in  which  are  seen  four  openings — the  two  lateral,  with 
lines  pointing  to  them  from  1  and  2,  are  the  incisor  foramina  ;  the 
anterior  and  posterior,  indicated  by  3  and  4,  are  the  foramina  of 
Scarpa. 


rough  and  grooved  to  support  the  malar  bone.  The  inferior  border  runs  down  on 
the  outer  surface  of  the  body  in  the  form  of  a  thick  buttress  opposite  the  first  molar 
tooth. 

The  palate  process  or  plate ,  along  with  that  of  the  opposite  side,  forms  about  three- 
fourths  of  the  hard  palate.  Its  superior  surface  is  smooth,  and  concave  from  side  to 
side  ;  its  inferior  surface  is  vaulted  and  rough,  and  is  marked  laterally  with  grooves 
for  nerves  and  vessels,  which  reach  the  palate  through  the  posterior  palatine  canal. 
Its  posterior  extremity  falls  short  of  that  of  the  alveolar  arch  and  body  of  the  bone, 
and  articulates  with  the  horizontal  plate  of  the  palate  bone,  which  completes  the 
hard  palate.  The  mesial  border,  finely  serrated,  rises  into  a  vertical  ridge,  which,  with 
its  fellow,  constitutes  the  nasal  crest—  a  grooved  elevation  receiving  the  lower  margin 
of  the  vomer  ;  at  the  fore  part  this  border  rises  suddenly  to  a  considerable  height, 
and  the  more  elevated  portion  is  distinguished  as  the  incisor  crest ;  forwards  this  is 
prolonged  into  the  anterior  nasal  spine,  on  its  upper  border  rests  the  septal  cartilage 
of  the  nose,  and  into  the  angle  behind  it  the  truncated  anterior  extremity  of  the 
vomer  fits.  Close  by  the  side  of  the  incisor  crest  on  the  upper  surface  of  the  palate 
plate  is  seen  a  foramen  which  is  directed  downwards  to  the  mouth,  but  in  the  lower 
half  becomes  converted  into  a  wider  groove  by  deficiency  of  the  inner  wall.  Thus, 
when  the  two  bones  are  placed  in  apposition,  one  orifice  of  considerable  size  is 
formed  on  the  palatal  aspect,  which  divides  above  into  right  and  left  branches  leading 
to  the  corresponding  nasal  fossae  ;  the  lower  aperture  is  the  anterior  palatine  fossa  (or 
canal),  the'  lateral  branches  are  the  incisor  foramina  (or  canals)  or  foramina  of 
Stensen.  Farther,  in  the  middle  line  are  two  other  smaller  foramina  opening  into 
the  anterior  palatine  fossa,  one  before,  the  other  behind  ;  these  are  the  foramina  of 
Scarpa.  • 

The  incisor  foramina  are  placed  between  the  two  elements,  the  premaxilla  and  the  maxilla 
proper,  which  make  np  the  superior  maxillary  bone  of  human  anatomy,  and  are  the  remains 
of  a  primitive  communication  between  the  nose  and  mouth.  In  the  lower  animals  they  are 
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generally  of  large  size,  and  open  separately  on  the  palate.  A  median  anterior  palatine  fossa 
receiving  the  two  incisor  foramina  is  met  with  only  in  man  and  a  few  animals,  and  the  deeply 
placed  lamina  which  then  bounds  the  incisor  foramen  on  the  inner  side  corresponds  to  the 
mesial  palatine  process  of  the  premaxillary  bone  of  other  animals.  The  foramina  of  Scarpa 
lie  in  the  suture  between  the  laminae  referred  to.  They  transmit  the  naso-palatine  nerves,  the 
nerve  of  the  right  side  occupying,  according  to  Scarpa,  the  posterior  one,  which  is  usually  the 
larger,  and  that  of  the  left  side,  the  anterior  ;  but  they  are  very  inconstant.  (Scarpa,  Annot. 
Anatom.,  lib.  ii,  cap.  5.) 

The  maxillary  sinus  or  antrum  of  Highmore  has  an  irregularly  pyramidal  form. 
Its  walls  are  thin  :  the  sides  correspond  to  the  facial,  zygomatic  and  orbital  surfaces 
of  the  body  ;  the  base  to  the  nasal  surface  ;  and  the  apex  extends  into  the  malar 
process.  The  large  aperture  is  closed  to  a  considerable  extent  by  the  uncinate 
process  of  the  ethmoid,  the  palate  and  inferior  turbinate  bones  ;  and  in  the  fresh 
state  it  is  reduced  by  the  mucous  membrane  to  a  small  orifice  through  which  the 
cavity  communicates  with  the  middle  meatus  of  the  nose.  Its  extent  below  generally 
corresponds  with  that  of  the  molar  teeth,  and  the  outer  alveoli  of  one  or  more  of 
these  form  prominences  in  its  floor. 


THE  PALATE  BONE. 

The  palate  bone  forms  the  back  part  of  the  hard  palate  and  the  lateral  wall 
of  the  nose  between  the  superior  maxillary  bone  and  the  internal  pterygoid  plate. 
It  consists  of  a  horizontal  and  a  vertical  plate  united  at  a  right  angle,  and  of 
three  processes,  viz.,  the  tuberosity  or 
pyramidal  process ,  extending  outwards 
and  backwards  from  the  junction  of 
the  horizontal  and  vertical  plates,  and 
the  orbital  and  sphenoidal  processes , 
surmounting  the  vertical  plate. 

The  palate  bone  articulates  with  its 
fellow,  and  with  the  superior  maxillary, 
ethmoid,  sphenoid,  vomer,  and  inferior 
turbinate  bones. 

The  horizontal  or  palate  plate  pre¬ 
sents  a  superior  surface,  concave  and 
smooth,  forming  the  back  part  of  the 
floor  of  the  nasal  fossa,  and  an  inferior 
surface,  completing  the  vault  of  the  hard 
palate,  and  marked  near  its  posterior 
border  by  a  transverse  ridge  to  which 
some  tendinous  fibres  of  the  tensor 
palati  muscle  are  attached.  The  anterior  border  articulates  with  the  palate  process 
of  the  superior  maxilla  ;  the  posterior  is  free,  concave  and  sharp,  giving  attach¬ 
ment  to  the  soft  palate,  and  produced  at  its  inner  end  into  a  sharp  point,  which 
with  that  of  the  other  side  forms  the  posterior  nasal  or  palatine  spine ;  internally 
it  articulates  with  its  fellow  by  a  thick  serrated  border,  forming  a  continuation  of 
the  nasal  crest  of  the  superior  maxillae,  and  also  supporting  the  vomer  ;  externally^ at 
its  junction  with  the  vertical  plate,  it  is  grooved  by  the  extremity  of  the  posterior 
palatine  canal. 

The  vertical  plate  is  very  thin.  Its  internal  or  nasal  surface  is  divided  into  two 
parts,  corresponding  to  the  middle  and  inferior  meatuses  of  the  nose,  by  a  nearly  hori¬ 
zontal  ridge,  the  inferior  turbinate  crest ,  which  articulates  with  the  inferior  turbinate 
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Fig.  53. — Right  palate  bone,  from  behind. 
(Drawn  by  D.  Gunn. ) 
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bone  ;  and  at  the  upper  end  of  the  surface,  crossing  the  roots  of  the  two  processes, 
is  another  less  marked  ridge,  the  ethmoidal  or  superior  turbinate  crest ,  which  articu¬ 
lates  with  the  middle  turbinate  bone.  The  external  surface  presents,  nearer  to  the 
posterior  border,  a  narrow  smooth  surface  which  forms  the  inner  wall  of  the  pterygo- 
m axillary  fissure,  and  leads  down  to  a  deep  groove  forming  with  the  superior  maxil¬ 
lary  bone  the  potato-maxillary  or  posterior  palatine  canal  for  the  transmission  of 
the  large  palatine  nerve  and  vessels  ;  in  front  of  the  groove  the  surface  is  applied 
against  the  superior  maxillary  bone,  and  overlaps  the  orifice  of  the  antrum  by  a  thin 
tongue-shaped  projection,  the  maxillary  process ,  which  may  attain  a  considerable 
size  ;  behind  the  groove  it  articulates  inferiorly  with  the  hinder  border  of  the 
maxilla,  superiorly  with  the  inner  surface  of  the  pterygoid  process. 


A  B 


Fig.  54. — Right  palate  bone:  A,  outer  view;  B,  inner  view.  (Drawn  by  D.  Gunn.) 


The  pyramidal  process  or  tuberosity  fits  into  the  notch  between  the  pterygoid 
plates.  It  presents  posteriorly  a  triangular  surface  which  is  concave  and  smooth, 
and  completes  the  pterygoid  fossa  :  on  each  side  of  this  is  a  narrow  area,  the 
internal  deeply  grooved,  the  external  rough,  for  articulation  with  the  anterior 
border  of  the  corresponding  pterygoid  plate.  Externally  there  is  a  small  free 
surface  which  appears  between  the  tuberosity  of  the  superior  maxillary  bone  and  the 
pterygoid  process  in  the  zygomatic  fossa  (fig.  68).  Inferiorly,  close  to  its  con¬ 
nection  with  the  horizontal  plate,  are  the  orifices  of  the  posterior  and  external 
accessory  palatine  canals  which  transmit  the  lesser  palatine  nerves  ;  the  external  is 
the  smaller  and  less  constant. 

The  orbital  process  surmounts  the  anterior  margin  of  the  vertical  plate.  It  is 
somewhat  pyramidal  in  shape,  and  has  five  surfaces,  two  of  which,  the  superior  and 
external,  are  free,  and  the  rest  articulated.  The  superior  surface  forms  the  posterior 
angle  of  the  floor  of  the  orbit  (fig.  69),  the  external  looks  into  the  spheno¬ 
maxillary  fossa,  the  anterior  articulates  with  the  maxillary,  the  internal  with  the 
ethmoid,  and  the  posterior,  which  is  small,  articulates  with  the  sphenoid.  The 
process  is  generally  hollow,  and  the  cavity  completes  one  of  the  posterior  ethmoidal 
cells,  or  it  may  open  behind  into  the  sphenoidal  sinus. 

The  sphenoidal  process  curves  upwards  and  inwards  from  the  posterior  part 
of  the  vertical  plate.  Its  superior  surface  is  in  contact  with  the  body  of  the 
sphenoid  and  the  base  of  the  internal  pterygoid  plate,  and  is  grooved  for  the  com¬ 
pletion  of  the  pterygo -palatine  canal ;  its  internal  or  under  surface  looks  to  the 
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nasal  fossa  ;  and  at  its  base  a  third  surface  looks  forwards  and  outwards  into  the 
spheno-maxillary  fossa.  Its  inner  extremity  touches  the  ala  of  the  vomer. 

The  two  processes  are  separated  by  the  deep  spheno-palatine  notch ,  which  is 
closed  above  by  the  body  of  the  sphenoid,  and  thus  converted  into  the  foramen  of 
the  same  name.  It  leads  from  the  spheno-maxillary  fossa  into  the  nasal  cavity,  and 
transmits  the  internal  nerves  from  Meckel’s  ganglion  and  the  nasal  branch  of  the 
internal  maxillary  artery,  with  corresponding  veins. 

Varieties. — The  groove  of  the  posterior  palatine  canal  is  sometimes  closed  in  below,  so 
that  the  opening  on  the  palate  is  bounded  solely  by  the  palate  bone.  The  spheno-palatine 
notch  may  also  be  converted  into  a  foramen  by  the  union  of  the  upper  ends  of  the  sphenoidal 
and  orbital  processes  ;  or  the  foramen  maybe  double  from  the  development  of  an  intermediate 
osseous  bridge.  The  orbital  process  varies  greatly  in  size ;  its  orbital  surface  is  frequently 
enlarged  from  the  union  with  the  palate  bone  of  a  portion  of  bone  ossifying  from  a  separate 
•centre,  usually  united  with  the  ethmoid  or  sphenoid,  and  already  described  with  the  sphe¬ 
noidal  spongy  bone  (p.  45).  The  external  accessory  palatine  canal  is  often  wanting  ;  or  it 
may  be  placed  between  the  palate  and  superior  maxillary  bones. 


THE  VOMER. 

The  vomer  is  a  thin  median  bone,  irregularly  quadrilateral,  and  placed 
vertically  between  the  nasal  fossae, 
palate,  and  superior  maxillary  bones, 

The  surfaces  are  smooth  and  in 
the  recent  state  covered  by  mucous 
membrane  ;  each  is  traversed  by  a 
faint  groove  running  downwards 
and  forwards,  and  conducting  the 
naso-palatine  nerve  to  the  canal  of 
Scarpa.  The  superior  border  is  by 
far  the  thickest  part  of  the  bone, 
and  is  divided  into  two  spreading 
•ala,  which  fit  under  the  body  of  the 
sphenoid,  receiving  the  rostrum  into 
the  groove  between  them  ;  the  edge 
of  each  ala  meets  the  vaginal  process 
of  the  sphenoid  and  the  sphenoidal 
process  of  the  palate  bone.  The  anterior  border,  sloping  downwards  and  forwards, 
is  grooved  for  the  septal  cartilage,  and  in  the  upper  half  is  united  by  anchylosis  on 
one  or  both  sides  with  the  perpendicular  plate  of  the  ethmoid. 

The  anterior  extremity  of  the  vomer  forms  a  short  vertical  edge  which  fits  in 
behind  the  incisor  crest  of  the  maxillaries,  and  from  the  upper  end  of  which  a  process 
projects  forwards  in  the  groove  of  the  crest,  while  from  its  lower  end  a  point 
sometimes  projects  downwards  between  the  incisor  foramina.  The  inferior  border 
articulates  with  the  nasal  crest  of  the  maxillary  and  palate  bones.  The  posterior 
border,  thin,  smooth,  and  unattached,  separates  the  posterior  nares. 


It  articulates  with  the  sphenoid,  ethmoid, 
ad  with  the  septal  cartilage  of  the  nose. 


Fig.  55. —Vomer,  prom  the  right  side. 
(Drawn  by  D.  Griinn. ) 


THE  MALAR  BONE. 

The  malar  bone  forms  the  most  prominent  part  of  the  cheek,  and  separates 
the  orbit  from  the  temporal  fossa.  It  is  quadrangular  in  shape,  with  the  angles 
directed  vertically  and  horizontally.  The  outer  surface  is  convex,  and  presents  a 
little  below  the  centre  a  slight  elevation  called  the  malar  tuberosity;  above  this  is 
.the  orifice  of  the  malar  canal.  The  inner  surface  is  concave,  and  looks  into  the 
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temporal  and  zygomatic  fossae.  The  upper  angle,  frontal  process ,  is  the  most 
prominent,  and  is  serrated  at  the  extremity  for  articulation  with  the  external  angular 
process  of  the  frontal  bone.  The  border  behind  this,  temporal ,  is  sinuous  and  con¬ 
tinuous  with  the  upper  edge  of  the  zygoma.  The  posterior  angle,  temporal  process,  is 
serrated  for  articulation  with  the  extremity  of  the  zygoma,  and  the  postero-inferior 
border,  masseteric ,  thick  and  rough,  completes  the  lower  edge  of  the  zygomatic  arch. 
The  antero-inferior  border,  maxillary ,  together  with  a  rough  triangular  part  of  the 
inner  surface,  articulates  with  the  malar  process  of  the  superior  maxilla.  The 
remaining  border,  orbital,  is  strongly  excavated,  smooth  and  rounded,  and  forms  a 
great  part  of  the  orbital  margin  ;  from  this  the  orbital  process  projects  backwards- 


Fig.  56. — Right  malar  bone  :  outer  view. 
(Drawn  by  D.  Gunn.) 


Fig.  57. — Right  malar  bone  :  inner  view. 
(Drawn  by  D.  Gunn. ) 


and  inwards,  a  triangular,  curved  plate,  forming  the  fore  part  of  the  outer  wall  of  the 
orbit,  and  articulating  by  its  rough  edge  with  the  great  wing  of  the  sphenoid  ; 
between  the  sphenoidal  and  maxillary  articulations  there  is  frequently  a  small  free 
margin  which  closes  the  anterior  extremity  of  the  spheno-maxillary  fissure.  On  the 
orbital  surface  of  this  process  are  seen  two  grooves  leading  to  small  canals,  the 
temporal ,  opening  on  the  temporal  surface,  and  the  malar  leading  to  the  facial  surface 
of  the  bone  ;  they  transmit  the  two  divisions  of  the  temporo-malar  branch  of  the 
superior  maxillary  nerve. 

Varieties. — The  malar  bone  is  rarely  divided  by  a  horizontal  suture  into  an  upper  larger 
and  a  lower  smaller  part.  The  small  canals  are  subject  to  great  variation ;  they  may  begin 
with  a  common  opening  on  the  orbital  surface  ;  either  may  be  double  ;  or  one  may  fail 
entirely.  There  is  often  a  well  marked  projection  at  the  upper  part  of  the  temporal  border, 
called  the  marginal  process ;  it  gives  attachment  to  a  strong  band  of  the  temporal  fascia. 
In  the  numerous  cases  in  which  the  malar  bone  does  not  enter  into  the  formation  of  the 
spheno-maxillary  fissure,  it  is  excluded  either  by  the  articulation  of  the  great  wing  of  the 
sphenoid  with  the  superior  maxilla,  or  by  a  small  Wormian  bone. 


THE  NASAL  BONE. 

The  nasal  bones  form  the  bridge  of  the  nose.  They  are  narrow  and  thick  above, 
but  gradually  become  wider  and  thinner  below.  The  superior  border  of  each  is 
serrated,  and  articulates  with  the  inner  part  of  the  nasal  notch  of  the  frontal  bone  : 
the  inferior  is  free  in  the  dried  skull,  but  in  the  recent  state  it  gives  attachment  to 
the  lateral  nasal  cartilage  ;  it  is  generally  marked  by  a  small  notch  near  its  inner 
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end.  The  external  border  is  the  longest,  and  articulates  with  the  nasal  process  of 
the  superior  maxilla,  being  supported  by  small  teeth  which  fit  into  depressions  on  . 
the  edge  of  that  bone.  The  internal  border  is  thicker  above  than  below,  and  meets 
its  fellow  in  the  somewhat  irregular  internasal  suture,  which  commonly  deviates  to 
one  side  at  the  upper  end :  the  two 
bones  form  posteriorly  a  median  crest, 
which  rests  from  above  down  upon  the 
nasal  spine  of  the  frontal  bone,  the  ver¬ 
tical  plate  of  the  ethmoid  (fig.  66),  and 
the  septal  cartilage  of  the  nose.  The 
anterior  or  facial  surface  is  concave  from 
above  down  at  its  upper  part,  convex 
below,  and  presents  a  small  vascular  fora¬ 
men.  The  posterior  or  nasal  surface  is 
rough  for  a  short  distance  above,  where  it 
rests  upon  the  nasal  process  of  the  frontal 
bone  (fig.  38) ;  in  the  rest  of  its  extent  it 
is  concave  and  smooth,  being  lined  by  the 

mucous  membrane  of  the  nose  ;  and  a  little  external  to  its  centre  it  is  traversed  by 
a  small  longitudinal  groove  which  lodges  the  nasal  nerve. 

Varieties. — The  form  and  dimensions  of  the  nasal  bones  vary  greatly  in  different  indi¬ 
viduals.  They  are  in  general  relatively  large  and  prominent  in  the  white  races,  small  and 
flat  in  the  dark  and  yellow  races.  Fusion  of  the  two  bones,  by  obliteration  of  the  internasal 
suture,  is  occasionally,  though  rarely,  met  with  :  this  condition  is  usual  in  apes. 


THE  LACHRYMAL  BONE. 


The  lachrymal  bone,  or  os  unguis ,  is  a  thin  scale  of  bone  placed  at  the 
anterior  and  inner  part  of  the  orbit  (fig.  69).  It  articulates  above  with  the  frontal 
bone,  behind  with  the  orbital  plate  of  the  ethmoid, 
and  in  front  with  the  nasal  process  of  the  superior 
maxilla. 

The  external  surface  is  divided  by  a  vertical  ridge, 
the  lachrymal  crest ,  into  two  parts  :  the  anterior  is 
grooved,  lachrymal  groove ,  for  the  lachrymal  sac,  and 
this  part  is  prolonged  interiorly  beyond  the  orbit  as  the 
descending  process  which  assists  in  bounding  the  canal 
of  the  nasal  duct,  and  articulates  with  the  inferior 
turbinate  bone  ;  the  posterior  part,  broader,  is  flat,  con¬ 
tinuous  with  the  orbital  surface  of  the  ethmoid,  and  is 
produced  below  into  a  hook-like  projection,  the  hamular 
process ,  which  curves  forwards  in  the  lachrymal  notch  of 

the  superior  maxilla  and  bounds  the  orifice  of  the  nasal  duct  on  the  outer  side 
(fig.  66).  The  internal  surface  superiorly  completes  some  anterior  ethmoidal  cells, 
and  inferiorly  looks  into  the  middle  meatus  of  the  nose. 


Fig.  59. — Right  lachrymal 
bone:  outer  view.  (Drawn 
by  D.  Gunn.) 


Varieties. — The  lachrymal  bone  varies  much  in  size  :  complete  absence  has  been  observed. 
It  is  sometimes  perforated,  or  reticulate,  or  divided  into  two  or  more  pieces.  The  hamular 
process  is  often  very  small,  and  sometimes  wanting.  On  the  other  hand  it  may  be  unusually 
long,  and  reach  the  orbital  margin,  or  even,  in  rare  cases,  extend  slightly  onto  the  face  : 
this  represents  a  more  largely  developed  facial  portion  of  the  lachrymal  bone  in  many 
mammals.  Occasionally  the  place  of  the  hamular  process  is  taken  by  a  separate  ossicle. 
(Gegenbaur,  Morph.  Jahrb.,  vii. ;  Macalister,  Proc.  Roy.  Soc.,  1884.) 
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THE  INFERIOR  TURBINATE  BONE. 

The  inferior  turbinate  or  spongy  bone  is  a  slender  lamina,  attached  by  its 
upper  margin  along  the  lateral  wall  of  the  nose,  and  projecting  into  the  nasal  cavity, 
so  as  to  divide  the  middle  from  the  inferior  meatus.  It  is  slightly  involuted,  its 
convexity  looking  inwards,  and  its  lower  margin  is  free,  somewhat  thickened,  and 
rolled  upon  itself.  The  attached  margin  articulates  in  its  fore  part  with  the  inferior 
turbinate  crest  of  the  superior  maxillary  bone,  then  ascends  abruptly,  forming  the 
lachrymal  process ,  which  completes  the  lachrymal  canal  and  articulates  with  the 


Fig.  60. — Right  inferior  turbinate  bone  :  A,  inner  view  ;  B,  outer  view.  (Drawn  by  D.  Gunn.) 


lachrymal  bone  ;  behind  this  it  is  folded  downwards  in  the  maxillary  process,  forming 
part  of  the  inner  wall  of  the  antrum  below  the  entrance  into  that  cavity  (fig.  69)  ; 
above  and  behind  this,  it  presents  a  variable  projection,  the  ethmoidal  process,  which 
articulates  with  the  uncinate  process  of  the  ethmoid  ;  and  posteriorly  it  is  attached 
to  the  inferior  turbinate  crest  of  the  palate  bone.  The  posterior  extremity  is 
elongated,  sharp  and  pointed  ;  the  anterior  flattened  and  broader. 

This  bone  is  marked  by  irregular  pits,  grooves  and  canals  for  vessels,  which  are 
directed  for  the  most  part  longitudinally,  but  not,  as  the  turbinal  parts  of  the  ethmoid 
are,  with  vertical  grooves  for  the  olfactory  nerves. 


THE  INFERIOR  MAXILLARY  BONE. 

The  lower  jaw,  inferior  maxilla ,  mandible,  is  the  thickest  and  strongest  bone  of 
the  face,  and  moves  on  the  rest  of  the  skull  by  means  of  a  pair  of  condyles  articu¬ 
lating  with  the  glenoid  fossae  of  the  temporal  bones.  It  has  the  shape  of  an  inverted 
arch  bent  forwards  upon  itself,  and  consists  of  a  middle  larger  nearly  horizontal 
part — the  body,  and  of  two  ascending  branches  or  rami. 

The  body  is  marked  in  the  middle  line  in  front  by  a  faint  vertical  ridge,  indicating 
the  symphysis  or  place  of  union  of  the  originally  separate  lateral  parts  :  this  expands 
below  into  the  triangular  elevation  of  the  chin,  or  mental  protuberance,  the  base  of 
which  is  in  well-marked  bones  slightly  depressed  in  the  centre,  and  prominent  on 
each  side,  forming  the  mental  tubercle.  The  superior  or  alveolar  border  of  the  body 
]s  hollowed  out  into  sockets  for  the  teeth.  The  inferior  border  or  base  is  thick  and 
Tounded,  and  projects  beyond  the  superior.  On  the  outer  surface,  on  each  side  of 
the  symphysis,  below  the  incisor  teeth,  is  a  shallow  depression,  the  incisor  fossa ;  and 
more  externally  is  the  mental  foramen,  placed  midway  between  the  upper  and  lower 
borders,  and  under  the  interval  between  the  two  bicuspid  teeth  ;  it  is  the  anterior 
opening  of  the  dental  canal,  and  transmits  the  mental  nerve  and  vessels.  Close  below 
the  foramen  is  the  somewhat  indefinite  external  oblique  line,  running  from  the 
mental  tubercle  backwards  and  upwards  to  the  anterior  margin  of  the  ramus.  The 
deep  surface  is  marked,  on  each  side  of  the  symphysis,  along  the  inferior  margin,  by 
an  oval  depression,  indicating  the  anterior  attachment  of  the  digastric  muscle. 
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Above  this  are  the  mental  spines,  the  lower  being  a  small  median  ridge  (often  only  a 
slight  roughness),  to  which  the  genio-hyoid  muscles  are  attached,  and  the  upper  a 
pair  of  more  prominent  tubercles,  giving  origin  to  the  genio-glossi.  Above  the 
upper  spines  a  small  median  foramen  penetrates  the  bone,  and  continued  upwards 
from  this  there  is  often  to  be  seen  a  narrow  groove  marking  the  symphysis.  Begin¬ 
ning  below  the  mental  spines,  and  passing  backwards  and  upwards  to  the  ramus,  is 
the  prominent  internal  oblique  line  or  mylo-liyoid  ridge ,  which  gives  origin  to  the 
mylo-hyoid  muscle,  and  at  its  hinder  end  to  a  slip  of  the  superior  constrictor  of  the 
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BODY 

Fig.  61. — The  inferior  maxillary  bone,  from  the  right  side.  (Drawn  by  D.  Gunn.) 

pharynx.  Above  this  line  is  a  smooth  depression  for  the  sublingual  gland,  and 
more  posteriorly  beneath  it  another  for  the  submaxillary  gland. 

The  ramus  is  thinner  than  the  body  of  the  bone.  Its  posterior  border  in  meeting 
the  line  of  the  base  forms  the  angle  of  the  jaw,  which  is  more  or  less  rounded  off, 
and  usually  a  little  everted.  The  external  surface  is  flat  and  impressed  by  the 
masseter  ;  towards  the  angle  irregular  oblique  ridges  mark  the  attachment  of 
tendinous  bundles  of  the  muscle.  The  internal  surface  presents  about  its  middle, 
and  on  a  level  with  the  crowns  of  the  lower  molar  teeth,  the  inferior  dental  foramen, 
leading  into,  the  dental  canal ,  which  lodges  the  dental  nerve  and  vessels.  The  inner 
margin  of  the  foramen  is  sharp  and  prominent  anteriorly,  forming  the  lingida. 
Beginning  at  a  notch  behind  the  lingula  is  the  mylo-hyoid  groove  (occasionally  a 
canal  for  a  short  space),  marking  the  passage  of  the  mylo-hyoid  nerve  with  com¬ 
panion  vessels  :  it  runs  downwards  and  forwards  to  the  body  of  the  bone,  and 
terminates  below  the  hinder  end  of  the  mylo-hyoid  ridge.  Behind  this,  and  reaching 
down  to  the  angle,  is  a  marked  roughness  for  the  internal  pterygoid  muscle. 

The  ramus  is  surmounted  by  two  projections,  the  condyle  and  the  coronoid 
process,  which  are  separated  by  a  deep  excavation,  the  sigmoid  notch.  The  condyle 
is  continued  upwards  from  the  posterior  part  of  the  ramus.  It  is  supported  by  a 
^constricted  portion,  the  nech ,  on  the  front  of  which  is  a  depression  for  the  insertion 
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of  the  external  pterygoid  muscle.  The  condyle  is  a  transversely  elongated,  convex 
articular  process,  the  major  axis  of  which  is  directed  obliquely,  so  that  if  prolonged 
it  would  meet  with  that  of  its  fellow  near  the  anterior  margin  of  the  foramen 


Fig.  62. — Eight  half  of  the  inferior  maxillary  bone,  inner  view.  (Drawn  by  D.  Gunn.) 


magnum.  The  coronoid  process  is  continued  upwards,  with  a  slight  inclination 
outwards,  from  the  fore  part  of  the  ramus  ;  it  is  beak-shaped,  and  compressed 
from  side  to  side  ;  by  its  sharp  margins  and  somewhat  roughened  inner  surface- 
it  gives  insertion  to  the  temporal  muscle. 

The  anterior  border  of  the  ramus  is  sharp  and 
smooth,  extending  from  the  coronoid  process  to  the 
posterior  end  of  the  external  oblique  line.  To  the 
inner  side  of  this  border  is  a  grooved  surface,  which 
is  bounded  posteriorly  by  a  ridge  continued  up  from 
the  internal  oblique  line  to  the  mesial  aspect  of  the 
coronoid  process,  and  into  which  a  part  of  the  temporal 
muscle  is  inserted.  At  the  lower  end  of  the  groove,  and 
extending  a  short  distance  on  the  outer  side  of  the 
alveolar  process,  there  is  sometimes  to  be  seen  a  slight 
roughness  marking  the  origin  of  the  lower  part  of  the 
buccinator  muscle. 


Fig.  63.— Transverse  section  of  The  lower  jaw  consists  of  a  very  thick  shell  of  dense 

the  lower  jaw,  passing  compact  bone,  enclosing1  cancellous  tissue  with  slender  tra- 

through  the  socket  of  the  beculge.  The  dental  canal  lies  close  to  the  inner  compact- 

last  molar  tooth.  (G.  D.  T.)  layer,  and  nearer  to  the  lower  than  the  upper  border  of  the 
body :  it  has  a  thin  wall  of  compact  tissue,  which  becomes 
cribriform  in  the  fore  part  of  its  extent.  From  the  main  passage  small  channels  pass 
upwards  to  the  sockets  of  the  hinder  teeth  ;  and  beyond  the  mental  foramen  a  prolongation 
of  the  canal,  with  a  less  distinct  wall,  extends  forwards,  transmitting  the  nerves  and  vessels- 
to  the  canine  and  incisor  teeth. 
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The  angle  of  the  jaw  is  in  the  adult  usually  about  120°  ;  in  infancy  it  is  as  great  as  140° 
or  more  ;  in  strongly  developed  jaws  it  may  be  diminished  to  110°  or  less  ;  and  in  old  and 
toothless  jaws  it  is  increased.  These  changes  are  connected  with  a  variety  of  circumstances, 
among  which  may  be  noticed, — the  development  of  the  temporary  and  permanent  teeth,  the 
absorption  of  the  alveolar  arch  after  the  loss  of  the  teeth  in  advanced  age,  the  elongation  of 
the  face  and  upper  jaw  towards  adult  life,  and  the  varying  state  of  development  of  the 
masseter  muscles  at  different  periods  (see  also  p.  78). 


THE  HYOID  BONE. 


It  is  suspended  from  the  tips  of 
pair  of  slender  bands,  the  stylo- 


The  hyoid  hone,  or  os  linguce ,  is  situated  at  the  base  of  the  tongue,  and  may 
be  felt  between  the  chin  and  the  thyroid  cartilage.  It  is  shaped  like  the  letter  u, 
and  consists  of  a  body  and  two  pairs  of  cornua, 
the  styloid  processes  of  the  temporal  bones  by  a 
hyoid  ligaments ,  which  in  most  animals  form 
distinct  bones. 

The  l)odg ,  or  central  piece,  is  compressed 
from  before  backwards,  and  lies  in  a  plane 
directed  downwards  and  forwards.  Its  anterior 
surface  is  convex,  and  marked  by  a  transverse 
ridge,  with  a  slight  median  projection,  on  each 
side  of  which  are  depressions  for  muscular 
attachments.  Its  posterior  surface  is  concave, 
and  looks  towards  the  epiglottis. 

The  great  cornua  project  backwards  from  the 
sides  of  the  body.  They  are  compressed  from 
above  down,  are  largest  near  their  junction  with 

the  body,  and  terminate  behind  in  slightly  expanded  and  rounded  extremities. 

The  small  cornua ,  or  cornicula ,  short  and  conical,  project  upwards  and  back¬ 
wards  from  the  places  of  junction  of  the  body  with  the  great  cornua,  and  give 
attachment  at  their  extremities  to  the  stylo-hyoid  ligaments.  They  are  commonly 
in  part,  and  not  unfrequently  entirely,  cartilaginous. 


Fig.  64. — The  hyoid  bone,  from  above 
and  before.  (Drawn  by  D.  Gunn. ) 


The  great  cornua  are  connected  to  the  body  by  synchondrosis,  and  after  middle  life  usually 
by  bony  union  ;  the  small  cornua  by  a  synovial  articulation  which  is  seldom  anchylosed. 
In  some  cases  a  synovial  joint  is  formed  also  between  the  great  cornu  and  body. 


THE  SKULL  AS  A  WHOLE. 

THE  SUTURES. 

With  the  exception  of  the  lower  jaw,  which  is  moveably  articulated  with  the 
temporal  bone,  the  bones  of  the  skull  are  closely  fitted  together  by  more  or  less 
uneven  edges  or  surfaces,  there  being  generally  interposed  only  a  small  quantity  of 
fibrous  tissue,  continuous  with  the  periosteum ;  and  to  these  lines  of  articulation 
the  name  suture  is  given.  At  the  base  of  the  cranium,  however,  in  young  subjects, 
the  basilar  process  of  the  occipital  is  connected  to  the  sphenoid,  and  the  jugular 
process  to  the  petrous,  by  a  thin  layer  of  cartilage  ;  the  articulation  is  therefore 
synchondrosis,  and  when  adult  age  is  reached  it  becomes  converted  into  bony  union. 

The  sutures  are  best  named  from  the  bones  between  which  they  lie,  as,  occipito¬ 
parietal,  occipifco-mastoid,  fronto-ethmoidal,  &c.  Those  around  the  parietal  bones 
are  the  longest  and  most  regular,  and  to  them  special  names  have  been  applied ; 
thus,  above,  between  the  two  parietal  bones,  is  the  sagittal  or  interparietal  suture ; 
posteriorly  is  the  deeply  serrated  lambdoid  or  occipito-parietal  suture ;  anteriorly  is 
the  coronal  or  fronto-parietal  suture,  most  markedly  serrated  in  the  middle  part  of 
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each  lateral  half,  less  so  above  where  the  frontal  bone  overlaps  the  parietal,  and  quite 
simple  at  the  lower  end  where  the  parietal  overlaps  the  frontal  ;  interiorly  is  the 
temporo-parietal  suture ,  consisting  of  two  parts,  the  squamous  suture ,  arched  in  form, 
in  which  the  squamous  part  of  the  temporal  overlaps  the  parietal,  and  the  parieto¬ 
mastoid ,  short  and  serrated  ;  while  at  the  antero-inferior  angle  is  the  short  spheno¬ 
parietal  suture,  about  half  an  inch  in  length,  absent  only  in  rare  cases  when  the 
frontal  and  temporal  bones  come  into  contact. 

The  cranial  sutures  are  conveniently  arranged  in  three  groups,  a  median  longitudinal ,  a 
lateral  longitudinal  and  a  vertical  transverse.  The  first  consists  of  the  sagittal  suture,  which 
is  continued  in  the  infant,  and  frequently  in  the  adult,  by  the  frontal  suture  ;  in  the  lateral 
longitudinal  are  included,  on  each  side,  the  fronto-nasal,  fronto-maxillary,  fronto-lachrymai, 
fronto-ethmoidal,  fronto-malar,  fronto-sphenoidal,  spheno-parietal,  squamous,  and  parieto¬ 
mastoid  sutures ;  the  third  comprises  the  coronal  and  spheno-squamous,  the  lambdoid  and 
occipito-mastoid  sutures  ;  and  into  this  group  also  would  fall  the  transverse  articulations  in  the 
centre  of  the  base  between  the  ethmoid,  sphenoid  and  occipital. 

After  adult  life  is  reached  the  bones  of  the  skull  evince  a  disposition  to  unite,  and  many  of 
the  sutures  thereby  become  closed  ;  but  the  period  at  which  this  commences,  as  also  the  order 
in  which  it  proceeds,  are  subject  to  great  variations,  so  that  the  condition  of  the  sutures 
affords  very  little  assistance  in  determining  the  precise  age  of  a  skull.  The  process  com¬ 
mences  generally  about  thirty  years  of  age ;  the  union  takes  place  first  on  the  inner 
surface,  and  frequently  the  large  sutures  are  quite  obliterated  internally  while  they  are 
perfectly  distinct  on  the  external  surface.  The  earliest  points  to  close  are  commonly  the 
part  of  the  sagittal  suture  between  the  parietal  formina,  and  the  lower  ends  of  the  coronal 
suture ;  the  more  dentated  parts  of  these  sutures  and  the  lambdoid  follow  later.  The 
squamous  is  very  late  in  closing,  and  it  is  noteworthy  that  when  the  frontal  suture  fails  to 
unite  at  the  usual  time  it  may  remain  unchanged  even  to  very  advanced  age.  (Dwight, 
u  The  Closure  of  the  Cranial  Sutures  as  a  Sign  of  Age,”  Boston  Med.  and  Surg.  Joum., 
April,  1890.) 

Wormian  bones. —  Ossa  triquetra,  ossa  suturarum.  These  are  irregular  ossifications, 
found  in  many  skulls,  interposed  between  the  cranial  bones  ;  seldom  in  the  face.  They  are 
of  irregular  form,  with  margins  adapted  to  the  character  of  the  sutures  in  which  they  are- 
situated,  and  usually  of  small  size  ;  but  they  may  exceed  an  inch  in  diameter.  Their  most 
frequent  seat  is  in  the  occipito-parietal  suture,  where  they  sometimes  occur  in  great  numbers, 
more  or  less  symmetrically  arranged  :  in  some  cases  one  or  several  bones  of  considerable  size 
occupy  the  place  of  the  superior  part  of  the  occipital,  more  rarely  of  the  antero-superior  angles 
of  the  parietal  bones  :  a  scale-like  ossification  is  often  seen  between  the  antero-inferior  angle 
of  the  parietal  and  the  great  wing  of  the  sphenoid  ( epipteric  bone ,  Flower),  They  are  much 
less  frequent  in  the  other  sutures. 


EXTERNAL  SURFACE  OF  THE  SKULL. 

The  external  surface  of  the  skull  may  be  conveniently  divided  into  superior, 
inferior,  anterior,  and  lateral  regions. 

The  superior  region,  extending  from  the  supraorbital  margins  in  front  to  the 
superior  curved  lines  of  the  occipital  bone  behind,  and  bounded  laterally  by  the 
temporal  lines,  is  smooth  and  convex,  covered  only  by  the  integument  and  by  the 
muscular  fibres  and  aponeurosis  of  the  occipito-frontalis  muscle.  The  skull  as  seen 
from  above  is  of  an  oval  form,  broader  in  the  parietal  than  the  frontal  region, 
flattened  in  front,  and  projecting  somewhat  in  the  middle  behind.  There  is  also  a 
slight  projection  from  the  general  curve  at  each  of  the  frontal  and  parietal 
eminences. 

The  anterior  region  of  the  skull,  below  the  forehead,  presents  the  openings  of 
the  orbits,  bounded  by  the  frontal,  malar,  and  superior  maxillary  bones ;  and  between 
the  orbits,  the  bridge  of  the  nose,  formed  by  the  nasal  bones  and  ascending  processes 
of  the  superior  maxillaries.  Below  the  nasal  bones  is  the  anterior  nasal  aperture ,  of 
an  inverted  heart-shape  :  its  thin  margin  gives  attachment  to  the  nasal  cartilages, 
and  projects  forwards  in  the  middle  fine  below  as  the  anterior  nasal  spine.  Below 
the  nasal  aperture  are  the  incisor  fossae  of  the  upper  jaws  ;  below  the  orbits  are  the 
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canine  fossae  ;  and  external  to  the  canine  fossae  are  the  prominences  of  the  cheeks, 
formed  by  the  anterior  inferior  parts  of  the  malar  bones.  The  lower  jaw  completes 
the  skeleton  of  the  face.  The  foramina  in  this  region,  on  each  side,  are  the  supra¬ 
orbital  foramen  or  notch  in  the  superior  margin  of  the  orbit,  the  infraorbital 
foramen  below  the  inferior  margin  of  the  orbit,  the  mental  foramen  of  the  lower  jaw, 
and  the  small  malar  canal  of  the  malar  bone. 

The  anterior  nasal  aperture  is  often  markedly  unsymmetrical,  one  half  of  the  opening  being 
broader  and  shorter,  while  on  the  other  side  it  is  narrower  and  more  deeply  excavated  below. 
This  is  associated  with  a  corresponding  deviation  of  the  cartilaginous  part  of  the  nose,  which 
points  towards  the  side  on  which  the  wider  half  of  the  aperture  is  placed.  (H.  Welcker,  “  Die 
Asymmetrien  der  Nase  und  des  Nasenskeletes,”  Stuttgart,  1882.) 

The  orbits  are  pyramidal  fossae,  irregularly  quadrilateral,  with  their  bases 
directed  forwards  and  slightly  outwards,  their  inner  walls  being  nearly  parallel,  and 

Fig.  65. — Front  view  of  male  skull  at 
about  twenty  years.  (Allen  Thomson.)  ^ 

1 .  frontal  eminence ;  2,  glabella,  between  the 
superciliary  ridges,  and  above  the  transverse 
suture  of  union  with  the  nasal  and  superior 
maxillary  bones  ;  3,  orbital  arch  near  the 
supraorbital  notch ;  4,  orbital  surface  of 
great  wing  of  sphenoid,  between  the  sphe¬ 
noidal  and  the  spheno-maxillary  fissures  ; 

5,  anterior  nasal  aperture,  within  which  are 
seen  in  shadow  the  vomer  and  the  turbinate 
bones  ;  6,  superior  maxillary  bone  at  the 
canine  fossa — above  the  figure  is  the  infra¬ 
orbital  foramen  ;  7,  incisor  fossa  ;  8,  malar 
bone  ;  9,  symphysis  of  lower  jaw  ;  10,  mental 
foramen  ;  11,  vertex,  near  the  coronal  suture  ; 

12,  temporal  fossa  ;  13,  zygoma;  14,  mastoid 
process  ;  15,  angle  of  the  jaw  ;  16,  mental 
protuberance.  In  this  skull  there  are  fourteen 
teeth  in  each  jaw,  the  wisdom  teeth  not  having 
yet  appeared. 

their  outer  walls  diverging  so  as  to 
be  nearly  at  right  angles  to  each 
other.  The  roof  of  each  orbit  is 
formed  by  the  orbital  plate  of  the 
frontal  and  the  small  wing  of  the 
sphenoid  ;  the  floor  (fig.  66)  by  the 
malar  and  superior  maxillary  bones, 
and  by  the  small  orbital  surface  of 
the  palate  bone  at  the  back  part ; 
the  inner  wall  (fig.  69)  by  the  nasal 
process  of  the  superior  maxilla,  the  lachrymal,  the  ethmoid  and  body  of  the 
sphenoid  ;  and  the  outer  wall  by  the  orbital  surfaces  of  the  malar  bone  and  great 
wing  of  the  sphenoid.  The  sphenoidal  fissure  (foramen  lacerum  orbitale)  at 
its  inner  extremity  occupies  the  apex  of  the  orbit,  while  its  outer  and  narrower 
part  lies  between  the  roof  and  the  external  wall.  The  optic  foramen  is  internal 
and  superior  to  the  sphenoidal  fissure.  In  the  angle  between  the  external  wall 
and  the  floor  is  the  spheno-maxillary  fissure ,  bounded  by  the  sphenoid,  palate, 
superior  maxillary,  and  malar  bones,  and  leading  into  the  spheno-maxillary  fossa  at 
its  back  part,  into  the  zygomatic  fossa  at  its  fore  part.  Passing  forwards  from  the 
margin  of  the  spheno-maxillary  fissure  is  the  commencement  of  the  infraorbital 
canal,  grooving  the  posterior  part  of  the  floor  of  the  orbit.  On  the  inner  wall  in 
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,  ,  •  tlip  7 nrhrmml  groove,  formed  by  the  superior  maxillary  and  lachrymal  hones, 

the  ethmoid  and  frontal 

bones  we  the  anterior  and  posterior  internal  orhtal  canals;  on  the  roof,  at  .to 
anterior  margin,  is  the  supraorbital  foramen  or  notch  ;  withm  the  external  angular 
process  is  the  fossa  for  the  lachrymal  gland  ;  and  in  the  outer  wall  are  the  temporal 
and  malar  canals  of  the  malar  bone  and  one  or  two  other  minute  foramina. 

The  lateral  region  of  the  skull  presents  in  succession  from  behind  forwards 
.the  mastoid  process,  the  external  auditory  meatus,  the  glenoid  fossa,  with  the  condyle 
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Tig.  66.— Fore  part  of  a  horizontal  section  of  the  skull,  passing  through  the  centre  of  the 

ORBIT.  (Gr.  D.  T.) 

The  right  half  of  the  lower  portion  is  represented. 

of  the  lower  jaw,  the  zygomatic  arch ,  formed  by  the  zygomatic  process  of  the  temporal 
bone  and  the  posterior  part  of  the  malar,  and  internal  to  this  the  coronoid  process  of 
the  lower  jaw.  Above  the  zygomatic  arch  is  the  temporal  fossa,  below'  is  the  zygo¬ 
matic  fossa,  the  two  being  separated  by  the  infratemporal  crest  on  the  great  wing  of 
the  sphenoid  (fig.  68). 

The  temporal  fossa  is  occupied  by  the  temporal  muscle,  and  the  squamous 
part  of  the  temporal,  the  parietal,  frontal,  sphenoid  and  malar  bones  take  part  in  its 
formation.  It  is  bounded  above  by  the  temporal  crest  of  the  frontal  bone  and  the 
lower  temporal  line  of  the  parietal.  The  latter  turns  down  posteriorly  to  join  the 
supramastoid  crest  of  the  temporal  bone,  which  in  front  is  continued  into  the  upper 
edge  of  the  zygomatic  arch.  Along  this  line  of  bone  is  attached  the  temporal  fascia, 
which  in  the  complete  state  roofs  in  the  temporal  fossa. 

The  zygomatic  or  infratemporal  fossa  (fig.  68)  is  an  irregular  hollow,  in  part 
covered  by  the  ramus  of  the  lower  jaw.  Its  wall  is  formed  internally  by  the  external 
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pterygoid  plate ;  superiorly  by  the  lower  part  of  the  great  wing  of  the  sphenoid,  in  which 
are  seen  the  foramen  ovale  and  foramen  spinosum,  and  by  a  small  part  of  the  squamous 
of  the  temporal ;  and  anteriorly  by  the  zygomatic  surface  of  the  superior  maxilla, 
presenting  the  orifices  of  the  posterior  dental  canals,  together  with  the  lower  part  of 
the  malar  bone.  Interiorly,  the  external  pterygoid  plate  approaches  closely  the 
superior  maxillary  bone,  but  the  two  are  usually  prevented  from  meeting  by  a  thin 
portion  of  the  pyramidal  process  of  the  palate  bone  ;  superiorly,  they  are  separated 
by  the  pterygo-maxillary  fissure,  a  vertical  slit  leading  above  into  the  spheno- 


Fig.  67. — Lateral  view  op  the  skull  represented  in  figure  65.  (Allen  Thomson.)  | 

1,  frontal  bone  ;  2,  parietal  bone  at  the  upper  temporal  line  ;  x  x ,  coronal  suture  ;  3,  on  the 
occipital  bone  at  the  lower  end  of  the  lambdoid  suture,  near  its  meeting  with  the  occipito-mastoid  and 
parieto-mastoid  sutures  ;  3',  external  occipital  protuberance  ;  4,  great  wing  of  sphenoid  ;  5,  squamous 
part  of  temporal  ;  6,  the  same  at  the  root  of  the  zygoma,  immediately  over  the  external  auditory 
meatus  ;  7,  mastoid  portion  of  temporal,  at  the  front  of  which  is  the  mastoid  process  ;  8,  left  condyle  of 
occipital  bone;  9,  anterior  nasal  aperture  ;  10,  on  the  lachrymal  bone  in  the  inner  wall  of  the  orbit  • 
11,  malar  bone,  near  its  junction  with  the  zygoma  ;  12,  superior  maxillary  bone  behind  the  canine 
fossa  ;  13,  ramus  of  the  lower  jaw  ;  14,  body  of  the  lower  jaw,  near  the  mental  foramen. 

maxillary  fossa,  and  closed  internally  by  the  vertical  plate  of  the  palate  bone.  At 
the  upper  part  of  the  zygomatic  fossa  the  horizontal  spheno-maxillary  fissure  leads 
into  the  orbit. 

The  spheno-maxillary  fossa  is  the  space  which  lies  in  the  angle  between  the 
pterygo-maxillary  and  the  spheno-maxillary  fissures.  It  is  bounded  behind  by  the 
pterygoid  process  and  the  lower  part  of  the  anterior  surface  of  the  great  wing  of  the 
sphenoid  bone  ;  in  front  by  the  superior  maxillary  bone  ;  and  internally  by  the 
vertical  plate  of  the  palate  bone  with  its  orbital  and  sphenoidal  processes.  Into  this 
narrow  space  five  foramina  open,  viz.,  on  the  posterior  wall,  the  foramen  rotundum, 
the  Vidian  canal,  and,  between  the  sphenoidal  process  of  the  palate  bone  and  the  root 
of  the  internal  pterygoid  plate,  the  pterygo-palatine  canal ;  on  the  inner  wall,  the 
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Fig.  68. — Side  view  of  the  lower  and  fore  part  of  the  skull,  the  inferior  maxilla  and 
ZYGOMATIC  ARCH  BEING  REMOVED,  TO  SHOW  THE  ZYGOMATIC  FOSSA.  (Gr.  D.  T.) 


BONE 

Fig.  69. — Sagittal  section  of  the  facial  portion  of  the  skull.  (Gf.  D.  T.) 

The  section  passes  through  the  right  orbit  a  little  internal  to  the  centre,  and  opens  up  the  antrum 
and  spheno-maxillary  fossa. 
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sphenopalatine  foramen  formed  by  the  palate  bone  and  the  sphenoid,  and  opening 
into  the  nasal  cavity  ;  and  interiorly,  the  posterior  palatine  or  palate- -maxillary 
canal,  which  leads  down  to  the  roof  of  the  mouth  between  the  palate  and  superior 
maxillary  bones. 

The  external  base  of  the  skull,  excluding  the  lower  jaw,  is  divisible  into 
three  parts,  anterior,  middle,  and  posterior. 

The  anterior  division  consists  of  the  palate  and  the  alveolar  arch.  It  is 
traversed  longitudinally  by  a  median  suture,  and  transversely  by  that  between  the 
maxillary  and  palate  bones.  Anteriorly,  in  the  middle  line,  is  the  anterior  palatine 


Fig.  70. — External  base  of  the  skull 
shown  in  figure  65.  (Allen  Thomson.)  \ 


1,  palate  plate  of  the  superior  maxil¬ 
lary  bone  ;  2,  palate  plate  of  the  palate 
bone  ;  3,  anterior  palatine  fossa  ;  4,  is 
placed  outside  the  posterior  palatine  canal, 
inside  the  tuberosity  of  the  superior 
maxilla,  and  in  front  of  the  smaller  poste¬ 
rior  palatine  canals  ;  5,  inner  surface  of 
the  external  pterygoid  plate  ;  6,  is  placed 
within  the  posterior  opening  of  the  right 
nasal  fossa  on  the  internal  pterygoid  plate; 

7,  vomer  ;  x ,  posterior  opening  of  the 
pterygopalatine  canal  in  front  of  the 
foramen  lacerum ;  8,  spheno-maxillary 
fissure  leading  into  the  orbit  ;  9,  foramen 
spinosum  ;  10,  foramen  ovale  ;  11,  placed 
on  the  apex  of  the  petrous  bone,  between 
the  foramen  lacerum  and  the  inferior 
opening  of  the  carotid  canal ;  12,  jugular 
foramen  ;  13,  articular  eminence  of  the 
temporal  bone ;  14,  external  auditory 
meatus  ;  15,  glenoid  fossa  in  front  of  the 
fissure  of  Glaser  ;  16,  tympanic  plate  or 
posterior  part  of  the  glenoid  fossa,  close 
to  the  styloid  process,  behind  which  is 
seen  the  stylo-mastoid  foramen  ;  17,  mas¬ 
toid  process,  and  to  its  inside  the  digas¬ 
tric  and  occipital  grooves ;  18,  basilar 
process  of  the  occipital  bone,  and  in  front 
the  mark  of  the  still  incomplete  union  with 
the  body  of  the  sphenoid  bone  ;  19,  con¬ 
dyle  of  the  occipital  bone  ;  20,  is  placed 
in  the  foramen  magnum,  and  points  to 
the  inner  opening  of  the  anterior  con¬ 
dylar  foramen  ;  21,  posterior  condylar 
foramen  ;  22,  jugular  process  of  the  occipital  bone  ;  23,  external  occipital  crest  running  down  from  the 
protuberance  ;  24,  superior  curved  line  of  the  occipital  bone ;  25,  26,  inferior  curved  line. 


fossa,  with  the  four  foramina  opening  into  it  (p.  52)  ;  posteriorly,  on  each  side, 
at  the  base  of  the  alveolar  arch,  is  the  opening  of  the  posterior  palatine  canal, 
from  which  the  palatine  groove,  lodging  the  large  palatine  nerve  and  vessels, 
runs  forwards  ;  and  farther  back,  on  the  under  aspect  of  the  tuberosity  of  the  palate 
bone,  are  the  apertures  of  the  posterior  and  external  small  palatine  canals.  The  palate 
is  surrounded  in  front  and  on  the  sides  by  the  alveolar  arch  bearing  the  teeth  of  the 
upper  jaw. 

The  middle  division  extends  back  to  the  front  of  the  foramen  magnum.  Its 
central  portion  has  been  called  the  guttural  fossa.  In  the  middle  line  is  the  basilar 
process  of  the  occipital  bone,  and  in  front  of  that  the  body  of  the  sphenoid,  covered 
-anteriorly  by  the  alee  of  the  vomer.  On  each  side,  the  petrous  portion  of  the 
temporal  bone  reaches  as  far  forwards  as  the  extremity  of  the  basilar  process  ;  and 


68 


THE  SKULL  AS  A  WHOLE. 


between  the  petrous  and  squamous  portions  is  the  back  part  of  the  great  wing  of  the 
sphenoid  bone.  Between  this  division  of  the  base  of  the  skull  and  the  palate  are 
the  posterior  nares ,  separated  by  the  vomer,  and  bounded  above  by  the  body  of  the 
sphenoid  bone,  below  by  the  horizontal  plates  of  the  palate  bones,  and  laterally  by 
the  internal  pterygoid  plates.  On  each  side  of  the  posterior  nares  is  the  pterygoid 
fossa,  completed  below  by  the  tuberosity  of  the  palate  bone  ;  and  a  line  from  the 
external  pterygoid  plate  to  the  spine  of  the  sphenoid  forms  the  division  between  this- 
region  and  the  zygomatic  fossa.  Immediately  behind  or  internal  to  this  line  is  the 
groove  for  the  cartilaginous  part  of  the  Eustachian  tube,  formed  by  the  margins  of 
the  great  wing  of  the  sphenoid  and  the  petrous,  and  leading  to  the  osseous  part  of  the 
tube  in  the  temporal  bone.  Between  the  apex  of  the  petrous,  the  basilar  process, 
and  the  sphenoid  is  the  foramen  lacerum  ;  in  a  line  proceeding  backwards  and  out¬ 
wards  from  this  are  the  free  surface  of  the  petrous,  the  lower  orifice  of  the  carotid 
canal,  the  vaginal  and  styloid  processes,  and  the  stylo-mastoid  foramen ;  while 
internal  to  these  are  the  jugular  and  anterior  condylar  foramina. 

Between  the  basilar  process  of  the  occipital  bone  and  the  petrous  portion  of  the  temporal 
is  an  irregular  cleft,  extending  from  the  foramen  lacerum  backwards  and  outwards  to  the 
jugular  foramen,  and  called  the  petro-basilar  fissure.  This  interval,  together  with  the  lower 
part  of  the  foramen  lacerum,  is  filled  in  the  recent  state  by  fibrous  tissue  which  often 
contains  one  or  two  small  Wormian  ossicles.  In  front  of  the  petrous  portion,  at  the  bottom 
of  the  groove  of  the  Eustachian  tube,  is  the  petro-splienoidal  fissure ,  also  continued  outwards 
from  the  foramen  lacerum. 

The  posterior  division  presents  on  each  side  of  the  foramen  magnum,  from 
within  outwards,  the  occipital  condyle,  the  under  surface  of  the  jugular  process,  the 
occipital  groove  of  the  temporal  bone,  the  digastric  fossa,  and  the  mastoid  process. 
Behind  the  foramen  magnum  is  the  tabular  part  of  the  occipital  bone,  with  its  ridges 
and  muscular  impressions. 

THE  INTERIOR  OP  THE  CRANIUM. 

The  wall  of  the  cranium  consists  of  two  layers  of  compact  bony  substance,  the 
outer  and  inner  tables ,  and  an  intervening  cancellated  substance,  called  diploe.  The 
inner  or  vitreous  table  has  a  smooth,  close-grained,  shining  appearance,  is  hard  and 
brittle,  and  presents  irregular  digitate  impressions  corresponding  to  the  convolutions 
of  the  cerebrum.  The  thickness  of  the  skull-cap  or  calvaria  is  fairly  uniform,  and 
generally  ranges  from  one-sixth  to  one-fourth  of  an  inch  :  it  is  somewhat  increased 
along  the  middle  line,  especially  in  front  and  behind,  and  diminishes  below  on  each 
side,  in  the  temporal  fossa.  The  base  of  the  skull  varies  greatly  in  this  respect  r 
the  thickest  parts  are  the  basilar  process,  the  petrous  and  mastoid  portions  of  the 
temporal  bones,  and  the  occipital  bone  at  the  protuberances  and  ridges.  The 
thinnest  portions  of  the  cranial  wall  are  the  cribriform  plate  of  the  ethmoid  and  the 
orbital  plates  of  the  frontal  bone,  in  both  of  which  the  diploe  is  absent ;  the  bone  is 
also  thin  and  compact  in  the  middle  part  of  the  inferior  occipital  fossae,  and  in  the 
lower  part  of  the  squama  and  the  glenoid  fossa  of  the  temporal. 

The  upper  part  of  the  cranial  cavity  is  enclosed  by  a  single  vaulted  dome,  formed 
by  the  frontal,  parietal,  and  occipital  bones.  This  is  marked  on  its  internal  surface 
by  the  groove  for  the  superior  longitudinal  sinus,  by  shallow  cerebral  impressions,  by 
small  ramified  meningeal  grooves,  and  by  Pacchionian  fossae  of  varying  depth.  The 
only  apertures  in  the  roof  of  the  skull  are  the  inconstant  parietal  foramina,  which 
open  by  the  side  of  the  longitudinal  sulcus  posteriorly  ;  they  give  passage  to  emissary 
veins,  and  occasionally  a  branch  of  the  occipital  artery. 

The  internal  base  of  the  skull  is  divided  into  three  fossae,  named  anterior^ 
middle,  and  posterior. 
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The  anterior  fossa,  formed  by  the  orbital  plates  of  the  frontal  bone,  the 
cribriform  plate  of  the  ethmoid,  and  the  small  wings  and  part  of  the  body  of  the 
sphenoid,  supports  the  frontal  lobes  of  the  cerebrum.  It  is  convex  laterally  above 
the  orbits,  but  sinks  into  a  hollow  over  the  cribriform  plate  of  the  ethmoid,  in  the 
middle  line  of  which  the  crista  galli  stands  up,  separating  the  deep  olfactory  grooves 
for  the  reception  of  the  olfactory  bulbs.  In  front  of  the  crista  galli  is  the  foramen 


Eig.  71. — Sagittal  section  of  the  adult  skull  a  little  to  the  left  of  the  median  plane. 

(Allen  Thomson.)  ^ 

1,  nasal  bone  ;  2,  perpendicular  plate  of  the  ethmoid  with  olfactory  foramina  and  grooves  at  its 
upper  part ;  3,  vomer ;  4,  right  superior  maxillary  bone,  forming  part  of  the  wall  of  the  right  nasal 
fossa  ;  below  this  is  the  anterior  extremity  of  the  right  inferior  turbinate  bone  overhanging  x ,  which 
is  the  right  inferior  meatus  of  the  nose  ;  5,  crista  galli  ;  6,  inner  surface  of  the  frontal  bone  ;  7,  of  the 
parietal  bone  ;  8,  squamous  part  of  the  temporal ;  9,  on  the  occipital  bone  below  the  internal  occipital 
protuberance  ;  10,  external  occipital  protuberance  ;  11,  on  the  condylar  process  below  the  anterior  con¬ 
dylar  foramen  ;  12,  on  the  posterior  surface  of  the  petrous  below  the  internal  auditory  meatus  ;  between 
9  and  12,  the  groove  of  the  right  lateral  sinus;  13,  placed  above  the  sella  turcica;  14,  left  frontal 
sinus  ;  15,  left  sphenoidal  sinus,  the  figure  being  placed  on  the  sphenoidal  septum  ;  16,  hard  palate 
and  alveolar  arch — the  figure  is  placed  near  the  lower  opening  of  the  posterior  palatine  canal,  and  the 
grooves  which  extend  forwards  from  it  ;  17,  anterior  nasal  spine  ;  18,  section  of  the  left  superior 
maxillary  bone,  and  near  the  place  to  which  the  line  points,  the  section  of  the  anterior  palatine  fossa  ; 
19,  on  the  inner  surface  of  the  ramus  of  the  lower  jaw,  below  the  sigmoid  notch,  and  above  the  inferior 
dental  foramen  ;  20,  inner  surface  of  the  body  of  the  jaw  on  the  mylo-hyoid  ridge  ;  21,  surface  of  section 
of  the  lower  jaw  to  the  left  of  the  symphysis  ;  behind  the  symphysis,  and  between  21  and  22,  the  mental 
spines  ;  23,  mylo-hyoid  groove. 

etecum  ;  on  each  side  are  the  numerous  apertures  of  the  cribriform  plate,  the  inner 
openings  of  the  internal  orbital  canals,  and  the  foramen  by  which  the  nasal  nerve 
passes  into  the  nose. 

The  foramen  caecum  sometimes  conveys  a  vein  passing-  from  the  nose  to  the  superior  longi¬ 
tudinal  sinus.  The  apertures  of  the  cribriform  plate  are  occupied  by  the  olfactory  nerve 
filaments.  Through  the  anterior  internal  orbital  canal  the  nasal  nerve  and  the  anterior 
ethmoidal  artery  enter  the  skull,  and  through  the  posterior,  which  is  less  constant,  the 
posterior  ethmoidal  artery.  The  foramen  for  the  exit  of  the  nasal  nerve  is  at  the  front 
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of  the  cribriform  plate,  usually  between  that  and  the  frontal  bone,  and  is  connected  by  a  groove 
with  the  inner  opening  of  the  anterior  internal  orbital  canal  :  the  nerve  is  accompanied  by  the 
nasal  division  of  the  anterior  ethmoidal  artery. 

The  middle  fossa,  on  a  lower  level  than  the  anterior,  consists  of  a  median  and 
two  lateral  parts.  The  median  part  is  small,  being  formed  by  the  olivary  eminence 
and  sella  turcica  of  the  sphenoid  bone,  and  limited  behind  by  the  dorsnm  sellae.  The 
lateral  part  on  each  side,  formed  by  the  great  wing  of  the  sphenoid,  the  squamous 
part,  and  the  anterior  surface  of  the  petrous  part  of  the  temporal,  lodges  the  temporal 
lobe  of  the  cerebrum.  The  foramina  of  the  middle  fossa  are  the  optic  foramen, 
sphenoidal  fissure,  foramen  rotundum,  foramen  ovale,  foramen  spinosum,  foramen 
lacerum  and  hiatus  Fallopii. 

Fig.  72. — Internal  base  op  the 
skull.  (Allen  Thomson.)  ^ 

1,  anterior  fossa  and  roof  of  the 
orbit,  as  formed  by  the  frontal  bone  ; 
between  2  and  3,  the  foramen  csecum, 
crista  galli  and  cribriform  plate  of 
ethmoid  ;  3,  ethmoidal  spine  of  the 
sphenoid  ;  4,  lesser  wing  of  sphenoid 
terminating  posteriorly  in  the  anterior 
clinoid  process,  inside  which  is  the 
optic  foramen  ;  5,  placed  in  the  pitui¬ 
tary  fossa,  behind  the  olivary  emin¬ 
ence  and  transverse  groove  of  the 
optic  commissure  ;  6,  dorsum  sellae, 
terminating  in  the  posterior  clinoid 
processes  ;  7,  foramen  rotundum,  in 
front  of  which,  but  not  seen  in  the 
figure,  is  the  sphenoidal  fissure  ;  8, 
foramen  ovale ;  9,  foramen  spinosum  ; 

10,  on  the  petrous  bone,  near  its  apex, 
and  to  the  inside  of  the  hollow  occu¬ 
pied  by  the  Gasserian  ganglion  ;  in 
front  of  this  is  the  foramen  lacerum  ; 

11,  in  front  of  the  eminence  of  the 
superior  semicircular  canal,  and  be¬ 
hind  the  hiatus  Fallopii  ;  12,  upper 
border  of  the  petrous,  marked  by  the 
superior  petrosal  groove  ;  13,  the 
posterior  surface  of  the  petrous — to 
the  inside,  the  internal  auditory 
meatus,  behind,  the  scale  of  bone 
covering  the  aqueduct  of  the  vestibule; 
14,  basilar  groove  ;  15,  anterior  con¬ 
dylar  foramen  ;  16,  jugular  foramen  ;  17,  groove  of  the  lateral  sinus  ;  18,  internal  occipital  protube¬ 
rance,  and  running  down  from  it  the  internal  occipital  crest ;  between  17  and  18,  the  upper  part  of  the 
groove  of  the  lateral  sinus,  between  17  and  16,  the  lower  part ;  19,  cerebellar  fossa. 

Through  the  optic  foramen  the  optic  nerve  and  the  ophthalmic  artery  enter  the  orbit.  The 
sphenoidal  fissure  (foramen  lacerum  anterius)  also  opens  into  the  orbit ;  it  gives  passage  to 
the  third,  fourth,  ophthalmic  division  of  the  fifth,  and  the  sixth  nerves,  and  the  ophthalmic 
veins.  By  the  foramen  rotundum  the  superior  maxillary  nerve  passes  into  the  spheno-max- 
illary  fossa.  The  foramen  ovale  and  foramen  spinosum  lead  into  the  zygomatic  fossa  :  the 
former  transmits  the  inferior  maxillary  nerve,  the  small  meningeal  artery,  and  two  or  three 
emissary  veins  ;  the  latter,  the  large  meningeal  vessels. 

The  foramen  lacerum  (medium)  is  an  irregular  aperture  between  the  apex  of  the  petrous 
and  the  body  and  great  wing  of  the  sphenoid,  and  in  the  recent  state  is  closed  below  by  a  mass 
of  fibrous  tissue  ;  the  carotid  canal  opens  on  its  external  wall,  the  Yidian  canal  anteriorly. 
The  lingula  projecting  backwards  from  the  body  of  the  sphenoid  effects  a  partial,  sometimes 
a  complete  subdivision  of  the  space  :  by  the  inner  part  the  carotid  artery  enters  the  cranial 
cavity  ;  and  through  the  external,  the  large  superficial  petrosal  nerve,  coming  from  the  hiatus 
Fallopii,  reaches  the  posterior  orifice  of  the  Yidian  canal. 

The  posterior  fossa,  deeper  and  larger  than  the  others,  extends  hack  to 
the  occipital  protuberance,  and  lodges  the  cerebellum,  medulla  oblongata  and  pons. 
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The  occipital  bone,  the  petrous  and  mastoid  portions  of  the  temporal,  the  postero- 
inferior  angle  of  the  parietal,  and  the  body  of  the  sphenoid  take  part  in  its  formation. 
In  the  centre  of  the  fossa  is  the  foramen  magnum  ;  and  on  each  side  of  this,  in 
a  nearly  vertical  line  from  below  upwards,  are  the  anterior  condylar  foramen  piercing 
the  condylar  portion  of  the  occipital  bone,  the  jugular  foramen  between  the  occipital 
and  petrous,  and  the  internal  auditory  meatus  on  the  posterior  surface  of  the  petrous. 
Behind  the  jugular  foramen  is  the  posterior  condylar  foramen  (if  present),  and  higher 
up  the  more  constant  mastoid  foramen,  both  opening  into  the  groove  of  the  lateral 
sinus. 

The  foramen  magnum  is  occupied  in  the  recent  state  by  the  lower  end  of  the  medulla 
oblongata  with  its  membranes,  the  vertebral  arteries,  and  the  spinal  accessory  nerves.  The 
anterior  condylar  foramen  transmits  the  hypoglossal  nerve  and  a  meningeal  branch  of  the 
ascending  pharyngeal  artery.  By  the  internal  auditory  meatus  the  facial  and  auditory  nerves, 
with  the  portio  intermedia  and  the  auditory  vessels,  leave  the  cranial  cavity.  The  posterior 
condylar  and  mastoid  foramina  transmit  emissary  veins,  the  latter  also  the  mastoid  branch  of 
the  occipital  artery. 

The  jugular  foramen  (foramen  lacerum  posterius)  is  formed  by  the  jugular  notches  of  the 
petrous  and  occipital  bones  :  somewhat  pyriform  in  shape,  two  more  or  less  marked  constric¬ 
tions  indicate  a  division  into  three  compartments  ;  most  externally  and  posteriorly  is  a  large 
rounded  partin  which  the  lateral  sinus  joins  the  internal  jugular  vein  ;  the  middle  part,  cor¬ 
responding  to  a  distinct  notch  in  the  lower  border  of  the  petrous,  transmits  the  glosso¬ 
pharyngeal,  vagus,  and  spinal  accessory  nerves  ;  and  the  most  anterior  and  internal,  sometimes 
completely  separated  by  a  spiculum  of  bone  (the  intrajugular  process;  p.  34),  gives  passage  to 
the  inferior  petrosal  sinus.  A  meningeal  branch  of  the  ascending  pharyngeal  or  occipital 
artery  also  enters  the  skull  by  the  posterior  compartment. 

Grooves  for  blood-vessels. — The  groove  of  the  middle  meningeal  artery 
commences  at  the  foramen  spinosum,  and  ramifies  principally  on  the  squamous 
portion  of  the  temporal  bone  and  on  the  parietal.  The  groove  of  the  internal 
carotid  artery  lies  on  the  side  of  the  body  of  the  sphenoid,  and  extends  from 
the  foramen  lacerum  to  the  inner  side  of  the  anterior  clinoid  process.  The  groove  of 
the  superior  longitudinal  sinus,  commencing  at  the  frontal  crest,  passes  backwards  in 
the  middle  line  of  the  roof  of  the  skull,  and  terminates  at  the  internal  occipital 
protuberance.  From  that  point  the  groove  of  the  lateral  sinus  passes  outwards  on 
each  side  over  the  occipital  bone,  crosses  the  posterior  inferior  angle  of  the  parietal 
bone,  descends  on  the  mastoid  portion  of  the  temporal  bone,  runs  inwards  again  on 
the  occipital,  and  turns  forwards  to  terminate  at  the  jugular  foramen.  The  groove 
of  the  inferior  petrosal  sinus  lies  between  the  petrous  portion  of  the  temporal  bone' 
and  the  basilar  process  ;  that  of  the  superior  petrosal  sinus  extends  along  the  superior 
edge  of  the  petrous  portion. 


THE  NASAL  CAVITIES  AND  COMMUNICATING-  AIR-SINUSES. 

The  nasal  cavities,  or  fossse,  are  placed  one  on  each  side  of  a  median  vertical 
septum.  They  open  in  front  by  the  anterior  nasal  aperture  and  behind  by  the 
posterior  nares  already  described,  and  communicate  with  the  sinuses  of  the  frontal, 
ethmoid,  sphenoid,  and  superior  maxillary  bones.  Their  vertical  extent,  as  well  as 
that  from  before  backwards,  is  considerable,  but  their  transverse  width  is  very 
limited,  especially  in  the  upper  part. 

The  internal  wall,  or  septum  nasi,  is  formed  by  the  central  plate  of  the  ethmoid, 
the  vomer,  the  nasal  spine  of  the  frontal,  the  rostrum  of  the  sphenoid,  and  the  crests 
of  the  nasal,  maxillary,  and  palate  bones.  It  presents  a  great  angular  deficiency  in 
front,  which  in  the  recent  state  is  filled  up  by  the  septal  cartilage.  In  most  cases  it 
deviates  somewhat  from  the  middle  line  to  one  side  or  the  other. 

The  roof  is  horizontal  in  its  middle  part,  but  sloped  downwards  before  and 
behind.  The  middle  part  is  formed  by  the  cribriform  plate  of  the  ethmoid,  the  fore 
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part  by  the  frontal  and  nasal  bones,  and  the  back  part  by  the  body  of  the  sphenoid, 
the  ala  of  the  vomer  and  the  sphenoidal  process  of  the  palate  bone.  In  it  are  the 
apertures  of  the  cribriform  plate  and  the  orifice  of  the  sphenoidal  sinus. 

The  floor,  formed  by  the  palate  plates  of  the  maxillary  and  palate  bones,  is  smooth, 
and  concave  from  side  to  side.  Towards  its  anterior  extremity  is  the  orifice  of  the 
incisor  foramen. 

The  external  wall  is  the  most  extensive.  The  bones  which  take  part  in  its 
formation  are  the  nasal,  superior  maxillary,  lachrymal,  ethmoid,  inferior  spongy,  and 
palate  bones,  and  the  internal  pterygoid  plate.  The  superior  and  inferior  turbinate 
processes  of  the  ethmoid  bone,  and  the  inferior  spongy  bone,  projecting  inwards, 
overhang  the  three  hollows  called  meatuses.  The  superior  meatus ,  very  short, 
is  placed  between  the  superior  and  inferior  turbinate  parts  of  the  ethmoid  ;  into  it 


Fig.  73. — Sagittal  section  op  a  part  of  the 

SKULL,  SHOWING  THE  OUTER  WALL  OP  THE  LEFT 

nasal  fossa,  &c.  (Allen  Thomson.)  ^ 

1,  nasal  bone  ;  2,  nasal  process  of  the  supe¬ 
rior  maxillary  bone  ;  3,  vertical  plate  of  the 
palate  bone  ;  4,  superior  turbinate  bone — below 
it  the  superior  meatus,  behind  it  the  spheno¬ 
ethmoidal  recess  and  the  opening  into  the  left 
sphenoidal  sinus  ;  5,  middle  turbinate  bone — 
below  it  tlie  middle  meatus,  into  which  opens 
the  maxillary  sinus  ;  superiorly  and  anteriorly, 
is  the  opening  of  the  infundibulum  ;  behind  it, 
and  above  3,  the  spheno-palatine  foramen  ; 
6,  inferior  turbinate  bone — below  it  the  inferior 
meatus  x  x  ;  below  these  marks  the  section 
of  the  palate  plates  of  the  left  palate  and  supe¬ 
rior  maxillary  bones ;  7,  left  frontal  sinus  ;  8, 
left  sphenoidal  sinus  ;  9,  left  optic  foramen  in 
the  root  of  the  lesser  wing  of  the  sphenoid,  and 
anterior  clinoid  process  ;  10,  dorsum  sellse  di¬ 
vided  ;  and  between  9  and  10,  the  sella  turcica  ;  11,  posterior  surface  of  the  petrous,  close  to  the 
internal  auditory  meatus  ;  12,  basilar  process  of  the  occipital  bone,  close  to  the  jugular  foramen  ; 
13,  on  the  occipital  condyle,  below  the  anterior  condylar  foramen  ;  14,  styloid  process  ;  15,  external, 
and  16,  internal  pterygoid  plates  ;  17,  posterior  palatine  canal. 


open  anteriorly  the  posterior  ethmoidal  cells,  and  posteriorly  the  spheno-palatine 
foramen.  The  middle  meatus ,  the  space  between  the  inferior  turbinate  part  of  the 
ethmoid  and  the  inferior  spongy  bone,  communicates  with  the  anterior  and  middle 
ethmoidal  cells,  with  the  maxillary  sinus,  and  at  its  fore  part,  by  means  of  the 
infundibulum,  with  the  frontal  sinus.  The  inferior  meatus ,  longer  than  the  others,  lies 
between  the  inferior  spongy  bone  and  the  floor  of  the  nasal  cavity,  and  in  its  fore 
part  is  the  orifice  of  the  nasal  duct.  Above  the  superior  meatus,  in  an  angle 
of  the  roof  formed  by  the  cribriform  plate  and  the  front  of  the  body  of  the  sphenoid 
(fig.  73,  behind  4),  is  a  depression  called  the  spheno-ethmoidal  recess  (G-.  H.  Meyer), 
formed  by  the  narrowing  of  the  lateral  mass  of  the  ethmoid  (fig.  66)  ;  on  the 
posterior  wall  of  the  recess  is  the  opening  of  the  sphenoidal  sinus. 

The  air-sinuses  are  hollows  within  the  ethmoid,  frontal,  sphenoid,  and  maxillary 
bones,  which  communicate  with  the  nasal  cavities  by  narrow  orifices.  With 
the  exception  of  the  maxillary  sinus  these  cavities  are  absent  in  the  infantile  skull. 
The  maxillary  sinus  begins  to  be  formed  about  the  fourth  month  of  foetal  life  ;  the 
frontal,  ethmoidal  and  sphenoidal  first  excavate  the  respective  bones  during  child¬ 
hood,  but- remain  of  small  size  up  to  the  time  of  puberty,  when  they  undergo  a  great 
enlargement.  In  advanced  life  they  all  increase  in  size  by  absorption  of  the 
cancellated  tissue  in  their  vicinity.  The  ethmoidal  sinuses  consist  of  several  irregular 
spaces  occupying  the  lateral  mass  of  the  ethmoid,  and  completed  by  the  frontal, 
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sphenoid,  lachrymal,  superior  maxillary  and  palate  bones.  The  anterior  and  middle , 
the  larger  and  more  numerous,  open  into  the  middle,  the  posterior  into  the  superior 
meatus.  The  frontal  sinuses  are  placed  between  the  outer  and  inner  tables  of 
the  frontal  bone  over  the  root  of  the  nose.  They  extend  outwards  from  behind  the 
glabella  to  a  variable  distance  over  the  orbit,  being  separated  from  each  other  by  a 
thin  bony  septum.  They  open  on  each  side  into  the  middle  meatus  of  the  nose 
through  the  infundibulum.  The  sphenoidal  sinuses  occupy  the  body  of  the  sphenoid, 
being  formed  in  connection  with  the  sphenoidal  spongy  bones.  They  are  separated 
by  a  median  septum,  and  open  into  the  spheno-ethmoidal  recess.  The  maxillary 
sinus  has  been  described  in  connection  with  the  superior  maxillary  bone  ;  it  opens  by 
a  small  aperture  into  the  middle  meatus. 

The  air-spaces  of  the  temporal  bone  (tympanum  and  mastoid  cells)  are  described  in  connec¬ 
tion  with  the  Anatomy  of  the  Ear  in  Vol.  III. 


OSSIFICATION  OF  THE  BONES  OF  THE  HEAD. 

The  ossification  of  the  bones  of  the  base  of  the  cranium  takes  place  for  the  most  part  in  car¬ 
tilage,  and  in  each  case  proceeds  from  several  centres  which  represent  distinct  bones  in  lower 
vertebrate  forms ;  the  bones  of  the  roof  are  simpler  in  their  development,  and  originate  in 
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Fig.  74. — Ossification  of  the  occipital 
bone.  (R.  Quain.) 

A,  in  a  foetus  of  10  weeks  (from  Meckel)  ; 
•a,  tabular  part ;  1  &  2,  lower  and  upper  pairs 
of  centres ;  b,  lower  part  or  basilar  and  con¬ 
dylar  portions  :  ossific  centres  are  seen  in  the 
condylar  portions. 

B,  occipital  bone  at  birth  ;  a ,  tabular 
part,  in  which  the  four  centres  have  become 
united  into  one,  leaving  fissures  between 
them  ;  b,  b,  condylar  portions  ;  c,  basilar 
portion. 


membrane  ;  those  of  the  face  are  also  deposited  in  membrane,  with  the  exception  of  the 
inferior  turbinate  bone  and  a  small  part  of  the  lower  jaw.  In  the  expanded  tabular  bones  the 
ossification  spreads  outwards  from  the  centres,  and  the  marginal  portions,  in  the  earlier  stages, 
present  more  or  less  the  form  of  radiated  fibres  or  spicula.  At  birth  the  sutural  edges,  and 
especially  the  angles,  are  incomplete,  the  bones  being  united  and  the  interspaces  filled  up  by 
fibrous  tissue.  The  diploe  and  air-sinuses  are  at  first  absent,  some  of  the  latter  arising  early  in 
life,  and  others  being  formed  at  a  comparatively  late  but  varip.ble  period. 

The  occipital  bone  at  birth  consists  of  four  separate  pieces — a  basilar,  a  tabular,  and  two 
condylar  parts,  united  by  intervening  cartilage.  The  lines  of  junction  of  the  basilar  and 
condylar  parts  pass  through  the  condyles  near  their  anterior  extremities  ;  those  of  the  condylar 
and  tabular  parts  extend  outwards  from  the  posterior  margin  of  the  foramen  magnum.  The 
basilar  ( basioccipital )  and  condylar  parts  ( exoccipitaU )  arise  each  from  one  osseous  nucleus, 
which  appears  from  the  eighth  to  the  tenth  week.1  In  the  tabular  part  there  appear,  a  few 
days  earlier,  usually  four  nuclei,  an  upper  and  a  lower  pair  ;  these  speedily  unite,  but  leave 
fissures  running  in  from  the  upper  and  lateral  angles,  which  remain  for  some  time  after 
birth.  The  upper  pair  of  these  differ  from  the  other  centres  of  this  bone  in  being  deposited  in 
membrane,  and  while  the  lower  portion  of  the  tabular  part  is  the  proper  supraoccipital  element, 
the  upper  represents  the  interparietal  bone  of  many  animals  ;  it  occasionally  happens  that  this 
remains  distinct  in  the  human  skull,  the  upper  part  of  the  occipital  squama  being  separated 
from  the  rest  by  a  suture  running  transversely  from  one  lateral  angle  to  the  other,  and  by  no 
means  unfrequently  a  partial  division  exists,  by  persistence  of  the  lateral  fissures,  which  may 

1  In  the  descriptions  of  the  mode  of  ossification  of  the  bones,  weeks  and  months  refer  always  to 
periods  of  foetal  life. 
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even  simulate  fracture.  The  osseous  union  of  the  supra-  and  exoccipitals,  beginning  in  the 
second  or  third,  is  completed  in  the  fourth  year  ;  that  of  the  basi-  and  exoccipitals,  beginning 
in  the  third  or  fourth,  is  completed  in  the  fifth  or  sixth  year.  The  basioccipital  is  united  to 
the  basisphenoid  by  intervening  cartilage  up  to  about  the  twentieth  year,  after  which  ossific 
union  begins  and  is  completed  in  one  or  two  years. 

The  parietal  bone  begins  to  ossify  in  membrane  in  the  seventh  week.  According  to  Toldt 1 
it  has  two  nuclei,  an  upper  and  a  lower,  which  speedily  fuse  into  a  single  mass  occupying  the 
position  of  the  future  parietal  eminence.  The  radiating  ossification  extends  in  such  a  way  as 
to  leave  a  notch  or  cleft  at  the  upper  part  of  the  bone  a  little  distance  from  the  posterior 
angle,  giving  rise  to  the  sagittal  fontandle — a  space  between  the  two  bones,  which  gradually 
becomes  closed  in  during  the  latter  half  of  foetal  life.  Traces  of  the  fontanelle  are  often  to  be 
recognized  at  the  time  of  birth  ;  and  the  parietal  foramina  are  remains  of  the  interval.2  In  rare 
cases  a  transverse parie  tal  fissure  persists.  The  parietal  eminence  is  very  conspicuous  in  the 
young  bone,  and  gives  a  marked  character  to  the  form  of  the  skull  for  a  number  of  years  in 
early  life. 

The  frontal  bone  is  ossified  from  two  nuclei  which  appear,  one  on  each  side  above  the  orbital 
arch,  about  the  seventh  week.  At  birth  the  bone  consists  of  two  separate  lateral  portions, 
which  meet  in  a  vertical  median  suture  during  the  first  year.  This  frontal  suture  usually 


Fig.  75. — Frontal  bone  of  a  fcetus  shortly 
before  birth.  (R.  Quain.) 

a  k  b  indicate  the  two  portions  of  the  bone, 
in  each  of  which  the  radiation  of  bony  spicula 
from  the  frontal  eminence  is  seen. 


Fig.  76. — Skull  of  a  child  at  birth,  from 
above.  (Leishman.)  ^ 

a ,  anterior  fontanelle ;  p,  posterior  fon¬ 
tanelle  ;  b,  b,  parietal  eminences  ;  for  the  lateral 
fontanelles,  see  fig.  83,  p.  82. 


becomes  obliterated  by  osseous  union  taking  place  from  below  upwards,  during  the  second 
year,  though  not  unfrequently  it  persists  throughout  life  (p.  39).  The  frontal  sinuses  appear 
about  the  seventh  year,  and  continue  to  increase  in  size  up  to  old  age. 

Fontanelles. — These  are  membranous  intervals  between  the  incomplete  angles  of  the 
parietal  and  neighbouring  bones,  in  some  of  which  movements  of  the  soft  wall  of  the  cranium 
may  be  observed  in  connection  with  variations  in  the  state  of  the  circulation  and  respiration. 
They  are  six  in  number,  two  median,  anterior  and  posterior,  and  four  lateral.  The  anterior 
fontanelle,  situated  between  the  antero-superior  angles  of  the  parietal  bones  and  the  superior 
angles  of  the  ununited  halves  of  the  frontal  bone,  is  quadrangular  in  form,  and  remains  open 
for  some  time  after  birth.  The  posterior  fontanelle,  situated  between  the  postero-superior 
angles  of  the  parietal  bones  and  the  superior  angle  of  the  occipital  bone,  is  triangular  in  shape. 
It  is  filled  up  before  birth,  but  the  edges  of  the  bones,  being  united  by  membrane  only,  are 
still  freely  moveable  upon  each  other.  The  lateral  fontanelles,  small  and  of  irregular  form, 
are  situated  at  the  inferior  angles  of  the  parietal  bones.  The  fontanelles  are  gradually  filled 
up  by  the  extension  of  ossification  into  the  membrane  which  occupies  them,  thus  completing 
the  angles  of  the  bones  and  forming  the  sutures.  The  closure,  especially  of  the  posterior  and 
lateral,  is  often  assisted  by  the  development  of  Wormian  bones  in  these  situations.  All  traces 
of  these  unossified  spaces  disappear  before  the  age  of  four  years.  The  sagittal  fontanelle, 
existing  before  birth,  has  been  noticed  above. 

The  temporal  bone  in  the  later  stages  of  foetal  life  consists  of  three  principal  pieces,  the 
squamo- zygomatic,  petro-mastoid  or  periotic,  and  tympanic.  The  squamo-zygomatic  is  ossified 
in  membrane  from  a  single  nucleus,  which  appears  in  the  lower  part  of  the  squamosal  about 
the  seventh  or  eighth  week,  and  extends  upwards  into  the  squamosal,  and  outwards  into  the 
zygoma.  From  the  hinder  part  of  the  squamosal  a  considerable  postauditory  process  grows 
downwards  below  the  supramastoid  crest,  separating  the  tympanic  from  the  periotic,  and 

1  “Lotos,  Jahrbuch  f.  Naturw.,”  1882. 

2  Broca,  Bull.  Soc.  Anthrop.  de  Paris,  1875  ;  Augier,  “  Rech.  sur  le  developpement  des  parietaux 
a  la  region  sagittale,”  These,  Paris,  1875. 
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forming-  the  upper  and  fore  part  of  the  mastoid  division  of  the  bone.  Beneath  this  is  an  air¬ 
space  continued  backwards  from  the  tympanum,  and  called  the  antrum  mastoideum,  from 
which  the  mastoid  cells  subsequently  grow  out.  During  the  third  month  an  osseous  nucleus 
appears  in  the  lower  part  of  the  external  membranous  wall  of  the  tympanum,  and  extends 
upwards  forming  the  tympanic  ring ,  an  imperfect  circle,  open  above,  which’ encloses  the 
tympanic  membrane.  Before  birth  the  extremities  of  this  ring  become  united  with  the 
squamo-zygomatic. 

Petro-mastoid  or  periotic .  It  is  only  in  the  latter  half  of  the  fifth  month  that  osseous 
deposits  begin  to  be  formed  in  the  cartilaginous  ear-capsule.  They  extend  rapidly,  and  the 
different  ossifications  are  united  by  the  end  of  the  sixth  month.  The  first  to  appear  is  a 
nucleus  on  the  promontory  ( opisthotic ),  which  spreads  round  the  fenestra  rotunda,  and  forms 
the  portion  of  the  petrous  below  the  internal  auditory  meatus  and  fenestra  ovalis.  The  second 
( prootic )  arises  over  the  superior  semicircular  canal,  and  forms  most  of  the  petrous  seen  in  the 
interior  of  the  skull,  as  well  as  the  upper  and  inner  part  of  the  mastoid  :  it  furnishes  the  upper 
boundaries  of  the  internal  auditory  meatus  and  fenestra  ovalis.  A  little  later,  a  third  nucleus 

Fig.  77. — Separate  parts  op  the  temporal  bone  op  a  fcetus 

SHORTLY  BEFORE  BIRTH.  (R.  Quain.) 

a,  squamo-zvgomatic  ;  b,  tympanic  ;  c,  mastoid  part  of  periotic  ; 
d,  inner  wall  of  tympanum  ;  e,  mastoid  antrum. 

( epiotic ),  which  is  occasionally  double,  is  developed  in  con¬ 
nection  with  the  posterior  semicircular  canal,  and  extends 
into  the  lower  part  of  the  mastoid.  According  to  Sutton 
the  tegmen  tympani  and  covering  of  the  external  semi¬ 
circular  canal  are  formed  by  a  separate  ossification  ( pterotic ), 
appearing  about  the  same  time  as  the  prootic.  Yrolik  also 
described  a  special  nucleus  for  the  roof  of  the  cochlea,  and 
another  in  connection  with  the  common  crus  of  the  superior 
and  posterior  semicircular  canals.  (Huxley,  “  Lectures  on 
Comparative  Anatomy,”  1864 ;  Vrolik,  Niederl.  Arch.  f.  Zoologie,  i,  291  ;  Sutton,  Journ. 
Anat.,  xvii,  498.) 

At  birth  the  petro-mastoid  is  separated  from  the  squamosal  by  a  thin  plate  of  intervening 
cartilage,  bony  union  taking  place  during  the  first  year  ;  the  mastoid  portion  also  is  flat,  the 
glenoid  fossa  shallow,  the  articular  eminence  scarcely  to  be  seen,  and  the  tympanic  ring  and 
membrane  are  even  with  the  outer  surface  of  the  bone.  The  anterior  and  inferior  walls  of 
the  external  auditory  meatus  consist  at  first  of  fibrous  tissue,  in  which  the  tympanic  plate  is 
formed  after  birth.1  The  latter  is  developed  from  the  outer  margin  of  the  slender  tympanic 
ring,  commencing  in  the  form  of  two  small  tubercles  at  the  fore  and  hinder  parts  respectively  ; 
these  increase  in  size  and  meet  in  the  floor  of  the  meatus,  enclosing  a  foramen  which  is 
gradually  closed.  The  foramen  is  completed  as  a  rule  in  the  second  year,  and  is  seldom 
obliterated  before  five  years  of  age.  The  part  of  the  wall  of  the  meatus  which  was  occupied 
by  the  foramen  is  commonly  thin,  and  sometimes  a  small  aperture  persists  through  life. 
On  the  posterior  surface  of  the  petrous  at  birth  is  a  considerable  depression  which  extends  into 
the  arch  of  the  superior  semicircular  canal,  and  represents  the  floccular  fossa  of  the  lower 
animals  ;  in  the  adult  bone  a  vestige  of  this  is  always  present  as  a  small  fissure  above  and 
outside  the  internal  auditory  meatus,  between  that  and  the  aqueduct  of  the  vestibule.  The 
mastoid  process  is  developed  about  the  second  year,  but  the  air-cells  are  not  formed  till  near 
puberty. 

The  styloid  process  is  formed  by  two  small  ossifications  in  cartilage — the  tympanohyal 
at  the  base,  commencing  before  birth  and  speedily  joining  the  bone,  and  the  stylohyal 
commencing  usually  after  birth,  but  remaining  very  small  until  the  period  of  puberty ;  this 
only  joins  after  adult  age  is  reached,  and  often  remains  permanently  separate.  (Flower,  Brit. 
Ass.  Rep.,  1870.) 

The  sphenoid  bone  is  divided  in  the  fcetus  into  a  posterior  or  postsphenoid  part,  to  which 
the  sella  turcica  and  great  wings  belong,  and  an  anterior  or  presphenoid  part,  including  the 
body  in  front  of  the  olivary  eminence  and  the  small  wings, — a  division  which  is  found  in 
many  animals  persistent  through  life.  The  first  osseous  nuclei  of  the  postsphenoid  division 
appear  about  the  eighth  week  in  the  great  wings  (glisphenoids) ,  between  the  foramen 
rotundum  and  foramen  ovale,  and  spread  thence  outwards  into  the  wing  and  downwards  into 
the  external  pterygoid  plate.  About  the  same  time  also  two  granules  appear  in  the  post¬ 
sphenoid  part  of  the  body  ( basisphenoid ),  placed  side  by  side  in  the  sella  turcica  ;  these  unite 


1  See  J.  Symington,  Journ.  Anat.,  xix,  284,  and  “The  Topographical  Anatomy  of  the  Child,”' 
1887,  p.  46. 
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in  the  fourth  month,  and  after  their  union  two  others  appear  (sphenotics)  ,l  from  which  are 
formed  the  lingulae  and  adjoining-  parts  of  the  carotid  grooves.  The  internal  pterygoid  plates, 
corresponding  to  the  pterygoid  bones  of  animals,  are  ossified  from  distinct  nuclei,  which 
appear  in  the  fourth  month  ;  they  unite  with  the  external  pterygoid  plates  in  the  fifth  month. 
The  great  wings  are  united  to  the  body  in  the  first  year. 

In  the  presphenoid  division  the  first  pair  of  nuclei  appears  in  the  ninth  week  outside  the 
optic  foramina,  and  extends  by  their  growth  into  the  small  wings  ( ortitosjJhenoids )  :  another 
pair  of  granules  appears  on  the  inner  sides  of  the  foramina,  and  the  presphenoid  portion  of  the 
body  either  results  from  the  union  of  these,  or  is  an  independent  growth.  The  presphenoid 
ossifications  are  united  to  the  body  of  the  postsphenoid  in  the  seventh  or  eighth  month.  At 
birth  the  place  of  union  is  marked  on  the  under  aspect  of  the  body  by  a  wide  notch,  which 
.sometimes  opens  above  by  a  small  hole  on  the  olivary  eminence.  The  body  of  the  presphenoid 


Fig.  78. — Ossification  of  the  sphenoid  bone.  (K.  Quain.) 

A,  sphenoid  bone  at  an  early  period,  seen  from  above  ;  1,  1',  the  greater  wings  ossified  ;  2,  2',  the 
lesser  wings,  in  which  the  ossification  has  encircled  the  optic  foramen,  and  a  small  suture  is  distinguish¬ 
able  at  its  posterior  and  inner  side  ;  3,  nuclei  of  basisphenoid. 

B,  copied  from  Meckel  (Archiv.  vol.  i,  tab.  vi,  fig.  23),  and  stated  to  be  from  a  foetus  of  six 
months;  2*,  nuclei  of  presphenoid  ;  5,  separate  lateral  processes  of  the  body  (lingulse)  :  the  other 
indications  are  the  same  as  in  A. 

C,  back  part  of  the  bone  shown  in  A ;  4,  internal  pterygoid  plates  still  separate. 

D,  sphenoid  at  birth.  The  great  wings  are  still  separate.  The  presphenoid  is  now  joined  to  the 
basisphenoid,  and  the  internal  pterygoid  plates  (not  seen  in  the  figure)  are  united  to  the  external. 


is  for  some  years  broad  and  rounded  inferiorly  ;  it  begins  to  be  hollowed  by  the  sphenoidal 
sinuses  about  the  sixth  year,  and  then  becomes  gradually  narrower  and  more  prominent,  being 
ultimately  reduced  to  the  thin  sphenoidal  septum. 

The  sphenoidal  spongy  tones  begin  to  ossify  in  the  fifth  month.  At  birth  each  consists  of 
a  small  sagittal  lamina,  resting  against  the  presphenoid,  and  continued  posteriorly  into  a 
lateral  projection,  which  is  hollowed  in  front  for  the  sphenoidal  sinus,  the  latter  having  been 
formed  as  a  recess  of  the  mucous  membrane  of  the  nose  at  the  end  of  the  third  month.  By 
the  third  year  the  bone  has  entirely  surrounded  the  sinus,  forming  an  osseous  capsule  with 
an  anterior  opening — the  sphenoidal  foramen.  About  the  fourth  year  the  upper  and  inner 
parts  of  this  capsule  begin  to  be  absorbed,  and  the  presphenoid  then  forms  the  wall  of  the 
sinus,  which  in  its  farther  extension  excavates  the  body  of  the  bone.  At  the  outer  and  fore 
part  also  absorption  takes  place,  and  the  cavity  there  comes  to  be  bounded  by  the  ethmoid 
and  palate  bones.  The  anterior  projections  of  the  sagittal  plates  meet  in  front  of  the  pre¬ 
sphenoid,  and  uniting  with  the  vertical  plate  of  the  ethmoid  form  the  rostrum.  The  spongy 
bones  are  anchylosed  first  to  the  lateral  mass  of  the  ethmoid  (about  the  fourth  year),  whence 
they  are  often  regarded  as  parts  of  that  bone.  They  join  the  sphenoid  from  the  ninth  to  the 
twelfth  year.  (Toldt,  “  Die  Entstehung  und  Ausbildung  der  Conchas  und  der  Sinus  sphenoidales 
beim  Menschen,”  Lotos,  1882.) 

In  the  ethmoid  bone  ossification  begins  in  the  lateral  masses  during  the  fifth  month,  first 
in  the  orbital  plate,  and  then  in  the  middle  turbinate  bone.  In  the  first  year  a  nucleus 
appears  in  .the  vertical  plate,  and  the  cribriform  plate  is  formed  by  ossification  extending 
from  this  internally  and  from  the  lateral  masses  externally.  The  three  parts  are  united  in 

3  J.  B.  Sutton,  “  On  the  Development  and  Morphology  of  the  Human  Sphenoid  Bone,”  Proc.  Zooi, 
Soc.  Lond.,  1885. 
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the  fifth  or  sixth  year.  The  ethmoidal  cells  appear  in  the  sixth  month  as  depressions  of  the 
mucous  membrane,  but  bony  walls  are  not  developed  until  after  birth. 

The  superior  maxillary  bone  begins  to  ossify  immediately  after  the  clavicle  and  the 
lower  jaw.  The  osseous  deposit  takes  place  at  several  points,  but  the  different  parts  speedily 
fuse,  and  the  precise  number  of  centres  is  by  no  means  certain.  It  is  probable,  however,  that 
the  maxilla  proper  is  developed  in  at  least  three  pieces,  a  malar  portion  external  to  the  infra¬ 
orbital  canal,  an  orbito-facial  portion  between  the  foregoing  and  the  nasal  fossa,  and  a 
palatine  portion  including  the  palate  process  and  the  adjoining  part  of  the  nasal  wall.  The 
part  of  the  bone  which  carries  the  incisor  teeth,  extending  as  far  back  as  the  incisor  foramen, 
has  an  independent  origin,  corresponding  to  the  premaxillary  bone  of  the  lower  animals.  In 
the  young  subject  always,  and  often  in  the  adult,  there  is  to  be  seen  a  fine  incisor  fissure  on 
the  under  surface  of  the  palate  process,  passing  outwards  from  the  anterior  palatine  fossa  to 
the  alveolar  border,  internal  to  the  canine  socket ;  and  on  the  upper  surface  a  similar  line 
may  be  seen,  though  less  frequently,  extending  up  some  distance  on  the  nasal  surface  of  the 
body  ;  but  no  trace  of  the  line  of  union  exists  on  the  facial  surface,  as  is  the  case  in  the 
lower  animals.  This  is  due  to  the  development  at  the  lower  and  fore  part  of  the  maxilla  of 
an  outgrowth,  termed  the  incisor  process,  which  forms  the  front  wall  of  the  incisor  sockets ; 


Fig.  79. — Different  views  of  the  superior  maxillary  bone  of  a  fcetus  of  four  or  five 

months.  (R.  Quain. ) 

A,  external  surface  ;  a  fissure,  1,  is  seen  extending  from  the  orbital  surface  into  the  infraorbital 
canal. 

B,  internal  surface  ;  the  incisor  fissure,  2,  extends  from  the  foramen  upwards  through  the  hori¬ 
zontal  plate  and  some  way  into  the  nasal  process. 

C,  the  bone  from  below,  showing  the  imperfect  alveoli  and  the  incisor  fissure,  2',  1,  which  crosses 
the  palate  plate  to  the  septum  between  the  second  and  third  alveoli. 

behind  this  process,  between  it  and  the  palate  process,  is  a  deep  groove  in  which  the  pre¬ 
maxillary  bone  is  formed,  the  latter  being  distinct  up  to  the  fifth  month  of  foetal  life, 
(Callender,  Phil.  Trans.,  1869  ;  Th.  Kolliker,  “  Os  intermaxillare  des  Menschen,”  1882  ;  Sutton, 
Proc.  Zool.  Soc.,  1884.) 

The  sockets  of  the  teeth  are  formed  by  the  downgrowth  of  an  outer  and  an  inner  plate  on 
the  sides  of  the  dental  groove,  and  subsequently  the  partitions  appear,  those  on  each  side  of 
the  canine  tooth  first.  The  antrum  appears  as  a  shallow  depression  on  the  inner  surface  of 


Fig.  80. — The  vomer  at  the  time  of  birth.  (R.  Quain.) 

1  &  2,  the  two  plates  forming  a  groove  for  the  reception  of  the  septal 
cartilage. 


the  bone  at  about  the  fourth  month ;  this  gradually  extends,  separating  the  orbital  and 
palate  portions  of  the  bone,  which  at  birth  are  still  very  close  together.  At  its  first  appear¬ 
ance  the  antrum  has  a  cartilaginous  wall,  which  afterwards  becomes  absorbed.  The  infra¬ 
orbital  canal  begins  as  a  groove  on  the  orbital  surface,  which  is  gradually  closed  by  the 
growing  over  of  the  outer  margin  ;  but  a  fine  suture  remains  indicating  the  line  of  meeting. 

The  palate  bone  is  ossified  from  a  single  centre,  which  appears  in  the  seventh  or  eighth 
week  at  the  angle  between  its  horizontal  and  vertical  parts. 

The  vomer  is  ossified  from  a  pair  of  nuclei  which  arise  in  membrane  at  the  lower  and 
back  part  of  the  cartilaginous  nasal  septum  in  the  eighth  week.  They  soon  unite  below,  but 
growing  forwards  and  upwards  form  the  two  laminae  which  embrace  the  septal  cartilage. 
These  laminae  gradually  undergo  increased  union  from  behind  forwards  till  the  age  of 
puberty,  thus  forming  a  median  plate,  with  only  a  groove  remaining  on  its  anterior  and 
superior  margins. 

The  nasal  and  lachrymal  bones  are  each  ossified  from  a  single  centre  appearing  about  the 
eighth  week.  At  the  time  of  birth  there  is  a  layer  of  cartilage  beneath  the  nasal  bone,  which- 
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is  continuous  above  with  the  ethmoidal  cartilage,  and  below  with  the  lateral  cartilage  of  the 
nose  :  this  subsequently  disappears. 

The  malar  bone  also  commences  to  ossify  about  the  eighth  week.  According  to  Rambaud 
and  Renault  it  is  developed  from  three  points  which  have  united  by  the  fourth  month  of 
foetal  life  ;  and  to  the  persistent  separation  of  one  of  these,  the  divided  condition  of  the  bone 
referred  to  on  p.  56  may  be  due. 

The  inferior  turbinate  bone  is  ossified  in  cartilage  from  a  single  centre,  which  only 
appears  in  the  fifth  month. 

The  inferior  maxillary  bone  is  developed  principally  in  the  fibrous  tissue  investing 
Meckel’s  cartilage  (see  development  of  the  head  in  Vol.  I.),  but  to  a  less  extent  the  cartilage 
itself  participates  in  the  ossification.  At  birth  it  consists  of  the  lateral  parts  united  at  the 
symphysis  by  fibrous  tissue  :  the  osseous  union  takes  place  in  the  first  or  second  year.  The 
process  of  ossification  commences  very  early,  being  preceded  only  by  the  clavicle,  and  proceeds 
rapidly :  it  takes  place  from  several  centres,  which  are  united  by  the  fourth  month.  The 
largest  part  of  each  half  is  formed  from  a  deposit  {dentary')  in  the  membrane  on  the  outer 
side  of  Meckel’s  cartilage ;  and  to  this  there  is  added  a  second  smaller  plate  {splenial)  which 
forms  the  inner  wall  of  the  tooth-sockets,  terminating  behind  in  the  lingula.  A  small  part  of 
the  body  by  the  side  of  the  symphysis  results  from  the  direct  ossification  of  the  anterior  end 
•of  Meckel’s  cartilage  ;  and,  posteriorly,  the  condyle  and  a  portion  of  the  ramus,  including  the 

Fig.  81. — The  inferior  maxilla  of  a  child  at  birth. 
(R.  Quain. ) 

a  &  1)  indicate  the  two  portions  separate  at  the 
symphysis. 

angle,  are  developed  from  another  ossification  in 
cartilage.  The  last,  however,  is  not  connected  with 
Meckel’s  cartilage,  which  can  be  seen  in  a  foetus  of 
the  fifth  or  sixth  month  to  be  prolonged  up  to  the 
fissure  of  G-laser,  where  it  becomes  continuous  with  the  slender  process  of  the  malleus,  sur¬ 
rounded  by  fibrous  tissue  which  eventually  forms  the  so-called  internal  lateral  ligament  of 
the  jaw.  (Callender,  Phil.  Trans.,  1869  ;  Kolliker,  “  Entwickelungsgeschichte  ”  ;  Toldt, 
“  Wachsthum  des  Unterkiefers,”  Prag,  1883  ;  Sutton,  Trans.  Odont.  Soc.,  1883.) 

At  birth,  the  body  of  the  jaw  is  shallow,  the  basal  part  is  but  little  developed,  and  the 
mental  foramen  is  nearer  the  lower  than  the  upper  margin  ;  the  ramus  is  very  short  and 
oblique,  the  angle  which  it  forms  with  the  body  being  about  140° ;  the  neck  of  the  condyle 
also  is  short  and  inclined  backwards ;  and  the  coronoid  process  projects  above  the  condyle. 
During  the  succeeding  years  the  body  becomes  deeper,  thicker,  and  longer,  the  ramus  and  the 
neck  of  the  condyle  lengthen,  and  the  angle  at  which  the  ramus  joins  the  body  becomes  less 
obtuse,  till  in  the  adult  it  is  nearly  a  right  angle.  In  old  age,  consequent  upon  the  loss  of  the 
teeth  and  the  absorption  of  the  alveolar  margin,  the  body  becomes  shallower,  the  mental 
foramen  opens  at  the  upper  border  of  the  bone,  and  the  angle  is  again  increased. 

The  hyoid  hone  has  five  points  of  ossification — one  for  the  body,  and  one  for  each  of  its 
great  and  small  cornua.  The  ossification  begins  in  the  great  cornua  and  body  in  the  last 
month  of  foetal  life,  in  the  small  cornua  in  the  first  year  after  birth.  The  great  cornua  and 
body  unite  in  middle  life,  the  small  cornua  only  exceptionally  in  advanced  age.  The  stylo¬ 
hyoid  ligaments  are  occasionally  ossified  in  some  part  of  their  extent. 

GENERAL  MORPHOLOGY  OF  THE  BONES  OF  THE  HEAD 

The  circumstances  which  contribute  most  to  modify  the  form  of  the  human  skull  and  the 
condition  of  its  component  bones,  as  compared  with  that  of  other  animals,  are — 1st,  the 
proportionally  large  size  of  the  brain  and  the  corresponding  expansion  of  the  cranial  bones 
which  enclose  it ;  2nd,  the  smaller  development  of  the  face  as  a  whole,  and  especially  of  the 
jaws,  which  brings  the  facial  bones  almost  entirely  under  the  fore  part  of  the  brain-case, 
instead  of  in  front  of  it,  as  occurs  in  all  animals,  with  the  partial  exception  of  the  anthropoid 
apes  ;  and  3rd,  the  adaptation  of  the  human  skeleton  to  the  erect  posture,  which,  as  regards 
the  head,  is  attended  with  the  sudden  bend  of  the  basicranial  axis  at  a  considerable  angle  upon 
the  line  of  the  erect  vertebral  column  ;  and  along  with  this  the  great  development  of  the 
cranium  in  a  backward  direction,  whereby  the  occipito-vertebral  articulation  comes  to  be 
placed  approximately  in  the  centre  of  the  antero-posterior  length  of  the  skull,  so  that  the 
head  is  nearly  balanced  on  the  upper  extremity  of  the  spine.  The  downward  openings  of  the 
nostrils,  the  forward  aspect  of  the  orbits  and  eyes,  the  nearly  vertical  forehead  and  more  or 
less  oval-shaped  face,  are  accompaniments  of  these  human  peculiarities  in  the  form  of  the 
Lead,  which,  together  with  those  already  mentioned,  strongly  contrast  with  the  smaller 
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cranium  and  its  strong  crests  of  bone,  the  larger  projecting  face  and  jaws,  and  the  other 
characteristic  features  of  the  skull  in  most  animals. 

As  regards  the  condition  of  the  individual  bones,  it  is  farther  to  be  remarked  that  there  is 
generally  in  the  human  skull  a  more  complete  consolidation  or  bony  union  of  the  osseous 
elements  than  in  animals,  so  that  the  whole  number  of  bones  forming  the  cranium  and  face 
is  least  in  man.  Thus,  to  mention  only  some  of  the  most  marked  examples  of  this  difference 
among  mammals  ;  the  frontal  bone  and  the  lower  jaw  frequently  divided  into  two  lateral 
portions  ;  the  premaxillary  very  generally  a  separate  bone  from  the  maxillary  ;  the  presphenoid 
in  many  separate  from  the  postphenoid ;  the  interparietal  from  the  occipital ;  and  the 
squamosal  and  styloid  ossifications  from  the  periotic.  It  is  also  worthy  of  observation  that 
the  conditions  now  referred  to  as  permanent  in  animals  exist  as  transitory  stages  of  develop¬ 
ment  in  man. 

Homologies. — It  is  not  possible  here  to  enter  at  any  length  into  the  consideration  of  the 
homologies  of  the  bones  of  the  human  skull,  but  the  diagrammatic  representation  of  the  bones 
of  the  foetal  head  in  fig.  82,  and  the  following  table  will  serve  to  indicate  to  some  extent  the 

Fig.  82. — Diagrammatic  view 

OF  THE  BONES  IN  THE  RIGHT 
HALF  OF  A  FG3TAL  SKULL, 

FROM  THE  INSIDE.  (Allen 
Thomson.) 

In  this  figure  the  bones  have 
been  slightly  separated  and  dis¬ 
placed  so  as  to  bring  the  whole 
into  one  view  :  /,  frontal ;  pa, 
parietal ;  so,  supraoccipital ; 
n,  nasal ;  l,  lachrymal ;  ma, 
malar  ;  os,  orbitosphenoid  ; 
as,  alisphenoid  ;  sq,  squa¬ 
mosal  ;  zy,  zygomatic ;  per, 
periotic ;  eo,  exoccipital ;  et, 
ethmoturbinal ;  mx,  maxilla ; 
mt,  maxilloturbinal ;  pm,  pre¬ 
maxillary  ;  me,  mesethmoid  ; 
v,  vomer ;  pi,  palatal ;  pt, 
pterygoid  ;  ps,  presphenoid  ; 
bs,  basisphenoid  ;  bo,  basioc- 
cipital  ;  c,  bodies  of  2nd,  3rd, 
and  4th  cervical  vertebrae ;  c', 
odontoid  process  ;  x  ,  anterior 
arch  of  atlas  ;  s,  spinous  pro¬ 
cesses  of  1st,  2nd,  3rd,  and 
4th  cervical  vertebrae  ;  cm, 
neural  canal ;  ch,  a  line  indi¬ 
cating  the  position  of  the 
notochord  passing  through  the 
vertebral  bodies  into  the  base 
of  the  cranium  ;  ty ,  tympanic, 
along  with  ml,  i,  and  st,  dis¬ 
placed  from  its  connection  with 

per  ;  ml,  malleus  ;  c.  mlc,  cartilage  of  Meckel ;  mu,  mandible  ;  i,  incus  ;  st,  stapes  ;  sth,  stylohyal ; 
ch,  ceratohyal  ;  th,  thyrohyal ;  bh,  basihyal ;  t,  thyroid  cartilage. 

morphological  relations  of  the  several  bones  to  each  other,  and  to  those  of  other  vertebrate 
animals,  and  to  explain  the  origin  of  the  constituent  elements  of  the  skull.  Additional 
information  as  to  the  latter  point  will  be  found  in  the  account  of  the  development  of  the  head 
in  the  chapter  on  Embryology  in  Yol.  I. ;  and  for  a  fuller  explanation  of  the  homologies  of  the 
bones  the  reader  is  referred  to  works  on  Comparative  Anatomy. 

LIST  OF  THE  TYPICAL  COMPONENT  PARTS  OF  THE  BONES  OF  THE  HEAD 
CLASSIFIED  ACCORDING  TO  THEIR  ORIGIN 1 

1.  BONES  DEVELOPED  IN  THE  PRIMITIVE  CARTILAGINOUS  CRANIUM. 

Basioccipital ;  Basilar  process  of  the  occipital  bone. 

Exoccipitals ;  Condylar  portions  of  the  occipital  bone. 

Supraoccipital ;  Lower  division  of  the  tabular  part  of  the  occipital  bone. 

1  The  names  first  given,  and  printed  in  black  type,  are  those  received  in  comparative  anatomy ; 
those  usually  employed  in  human  anatomy  follow,  and  are  printed  in  common  type. 
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Periotics  ;  Greater  parts  of  the  petrous  and  mastoid  portions  of  the  temporal  bones. 
Basisphenoid ;  Posterior  part  of  the  body  of  the  sphenoid  bone,  including  the  sella- 
turcica. 

Alisphenoids  ;  Great  wings  of  the  sphenoid  with  the  external  pterygoid  plates. 
Presphenoid ;  Anterior  part  of  the  body  of  the  sphenoid  bone. 

Orbitosphenoids  ;  Small  wings  of  the  sphenoid  bone. 

2.  MEMBRANE-BONES  COMPLETING  THE  CRANIAL  WALL. 

Interparietal ;  Upper  division  of  the  tabular  part  of  the  occipital  bone. 

Parietals  ;  The  parietal  bones. 

Prontals ;  United  in  the  single  frontal. 

Squamosals  ;  The  squamous  parts  of  the  temporal  bones  with  the  zygoma. 


3.  BONES  DEVELOPED  IN  THE  CARTILAGINOUS  NASAL  CAPSULE. 

Mes  ethmoid ;  Vertical  plate  of  the  ethmoid  bone,  together  with  the  cartilaginous  part  of 
the  nasal  septum. 

Ethmoturbinals ;  The  lateral  masses  of  the  ethmoid,  including  the  upper  and  lower 
turbinate  bones. 

MaxiUoturbinals  ;  The  inferior  turbinate  bones. 

Sphenoidal  turbinals ;  The  sphenoidal  spongy  bones. 

4.  MEMBRANE -BONES  DEVELOPED  AROUND  THE  NASAL  CAPSULE  AND  FORMING' 
THE  GREATER  PART  OF  THE  UPPER  FACE. 

Lachrymals ;  The  lachrymal  bones. 

Nasals  ;  The  nasal  bones. 

Maxillae ;  The  superior  maxillary  bones,  excepting  the  incisor  part. 

Premaxillae  or  intermaxillae  ;  The  incisor  parts  of  the  superior  maxillary  bones. 

Jug-als  or  malars  ;  The  malar  bones. 

Palatals  ;  The  palate  bones. 

Pteryg-oids  ;  The  internal  pterygoid  plates. 

Vomer ;  The  vomer. 

5.  BONES  DEVELOPED  IN  THE  CARTILAGINOUS  VISCERAL  ARCHES  OF 

THE  HEAD. 

Malleus,  Incus,  and  Stapes  ;  The  auditory  ossicles  or  malleus,  incus,  and  stapes. 

Tympanohyals  and  Stylohyals  ;  The  styloid  processes  of  the  temporal  bones. 

Epihyals  ;  The  stylo-hyoid  ligaments  (occasionally  ossified  in  man). 

Ceratohyals  ;  The  small  cornua  of  the  hyoid  bone. 

Thyrohyals  ;  The  great  cornua  of  the  hyoid  bone. 

Basihyal ;  The  body  of  the  hyoid  bone. 

6.  MEMBRANE-BONES  DEVELOPED  IN  CONNECTION  WITH  THE  VISCERAL  ARCHES 

Mandible ;  The  inferior  maxillary  bone  (a  small  part  is  developed  in  the  cartilaginous 
arch). 

Tympanies ;  The  tympanic  plate,  forming  the  auditory  and  vaginal  processes  (developed  in 
the  periphery  of  the  membrane  closing  the  first  visceral  cleft). 

The  relations  of  the  nerves  at  their  passage  out  of  the  cranium  to  the  osseous  elements 
are  remarkably  constant,  and  afford  considerable  assistance  in  determining  their  homologies. 
Thus,  the  nerves  of  the  principal  sense-organs  pass  into  their  special  capsules  as  follows,  viz„ 
the  olfactory  between  the  mesethmoid  and  ethmoturbinal  divisions  of  the  ethmoid  bone  ;  the 
optic  between  the  orbitosphenoid  and  the  presphenoid  ;  and  the  auditory  between  the  prootic 
and  opisthotic  divisions  of  the  periotic  mass.  Farther,  the  motor  nerves  of  the  orbital  muscles 
(third,  fourth  and  sixth),  together  with  the  ophthalmic  division  of  the  trifacial  (fifth),  pass 
through  the  sphenoidal  fissure  between  the  orbitosphenoid  and  alisphenoid,  while  the  second 
division  of  the  trifacial  has  a  special  foramen  in  the  alisphenoid  which  has  been  separated  off 
from  the  sphenoidal  fissure  by  the  growth  of  bone  around  the  nerve.  Similarly,  the  foramen 
ovale  for  the  third  division  of  the  trifacial  has  been  cut  off  from  the  foramen  lacerum  between 
the  alisphenoid  and  periotic.  The  facial  (seventh)  nerve  leaves  the  cranial  cavity  with  the 
auditory  between  the  divisions  of  the  periotic,  and  then  traverses  a  canal  (aqueduct  of 
Fallopius),  the  lower  part  of  which  is  included  between  the  outer  surface  of  the  periotic  and 
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the  tympanic  plate,  while  its  Yidian  branch  occupies  a  canal  surrounded  by  the  basisphenoid, 
alisphenoid  and  pterygoid  elements  of  the  sphenoid  bone.  The  glosso-pharygeal  (ninth)’ 
pneumo-gastric  (tenth)  and  spinal  accessory  (eleventh)  nerves  pass  between  the  periotic  and 
exoccipital ;  and  the  hypoglossal  (twelfth)  between  the  exoccipital  and  basioccipital.  The 
internal  carotid  artery,  it  may  be  added,  enters  the  skull  by  the  foramen  lacerum,  a  space 
between  the  basisphenoid,  alisphenoid,  and  periotic,  having  previously  traversed  the  carotid 
canal  formed  by  the  downgrowth  of  the  opisthotic  ;  and  the  jugular  vein  issues  between 
the  periotic  and  exoccipital. 

A  general  review  of  the  construction  of  the  skull  shows  that  it  may  be  regarded  as  consist¬ 
ing  mainly  of  three  sets  of  parrs,  viz. — 1st,  basal  or  central  parts,  comprising  the  basi¬ 
occipital,  basisphenoid,  presphenoid,  and  mesethmoid,  which  form  a  series  prolonged  forwards 
in  the  line  of  the  vertebral  axis,  and  constitute  a  cranio-facial  axis  ;  2nd,  superior  arches, 
three  in  number,  enclosing  the  brain,  and  consisting  of  more  or  less  expanded  bones,  viz.,  the 
exoccipitals  and  supraoccipital  together  with  the  interparietal,  the  alisphenoids,  squamosals  and 
parietals,  the  orbitosphenoids  and  frontals  ;  and  3rd,  inferior  arches,  surrounding  the  visceral 
cavity  as  represented  by  the  nose,  mouth,  and  pharynx  ;  these  include  the  pterygoids,  palatals 
and  maxillse  in  a  first  arch,  the  mandible  and  the  malleus  of  the  internal  ear  in  a  second,  the 
cerato-,  epi-,  stylo-  and  tympanohyals  in  a  third,  while  the  thyrohyals  are  the  rudiments  of  a 
fourth,  and  the  basihyal  is  interposed  between  the  last  two.  To  these  succeed  in  the  lowest 
vertebrates  the  series  of  branchial  arches,  one,  or  perhaps  two,  of  which  may  be  in  part 
represented  by  the  thyroid  cartilage  of  the  larynx.  Together  with  the  foregoing  there  are 
associated  other  elements,  viz. — 1st,  the  periotic  enclosing  the  organ  of  hearing,  and  the 
ethmo-  and  maxilloturbinals  covering  the  organ  of  smell,  which  have  been  classed  sepa¬ 
rately  as  special  sense-capsules;  and  2nd,  the  small  bones  of  the  face,  malar,  nasal, 
and  lachrymal,  supplementary  to  the  maxillary  arch,  and  the  vomer,  extending  the 
cranio-facial  axis. 

There  is  thus  a  certain  resemblance  in  the  arrangement  of  the  chief  parts  of  the  skull  to 
that  of  the  trunk-skeleton,  and  this  resemblance  has  led  to  the  conception  of  what  is  called 
the  vertebrate  theory  of  the  skull,  according  to  which  the  skull  consists  essentially  of  a 
series  of  vertebrae,  the  dorsal  or  neural  arches  of  which  have  undergone  great  expansion,  so 
as  to  predominate  over  the  less  developed  ventral  or  visceral  arches.  Certain  circumstances 
in  the  growth  of  the  skull,  especially  the  formation  of  a  part  at  least  of  the  cranio-facial  axis 
around  a  prolongation  of  the  notochord,  appear  at  first  sight  to  give  support  to  this  view  ; 
but  the  more  complete  knowledge  of  the  mode  of  development  of  the  skull  which  has  been 
obtained  of  late  years  tends  to  show  that  there  is  no  such  homodynamous  correspondence 
between  the  several  bones  of  the  skull  and  the  vertebral  segments  of  the  trunk-skeleton.  In 
explanation  of  this  statement  the  following  points  of  difference  between  the  two  may  be 
specially  referred  to,  viz. — 1,  a  large  part  of  the  cranio-facial  axis  is  prechordal,  being  formed 
beyond  the  cephalic  extremity  of  the  notochord,  and  therefore  does  not  correspond  to  vertebral 
bodies  ;  2,  the  cartilage  in  which  the  bones  of  the  cranio-facial  axis  and  its  lateral  expansions 
are  developed  is  not  at  any  period  segmented,  as  is  the  cartilage  preceding  the  vertebras ;  3, 
the  segmentation  which  is  to  be  recognized  in  the  bones  of  the  skull  does  not  agree  with  the 
segmentation  which  has  been  observed  in  the  head  of  lower  vertebrates  at  an  early  period  of 
embryonic  life  ;  4,  the  bones  forming  the  dorsal  and  ventral  arches  of  the  head  are  in  large 
part  developed  in  membrane,  and  are  probably  dermal  in  origin,  whereas  the  arches  of  the 
vertebras  are  entirely  of  cartilaginous  origin  ;  and  5,  the  cartilaginous  visceral  arches  of  the 
head  probably  do  not  correspond  to  the  costal  arches  of  the  vertebrae,  being  formed  in  close 
connection  with  the  wall  of  the  alimentary  canal,  while  the  ribs  are  developed  in  the  body- 
wall  or  somatopleure. 

On  the  whole,  it  would  appear,  therefore,  that  the  skeleton  of  the  head  and  the  skeleton 
of  the  trunk  agree  in  being  formed  in  continuous  tissue  lying  between  and  surrounding  the 
cerebro-spinal  axis  and  the  alimentary  canal,  and  that  the  correspondence  observed  in  their 
general  construction  is  due  to  this  community  of  origin  and  relations.  But  the  several  bones 
are  developed  independently,  and  in  a  different  manner  in  the  head  and  trunk,  giving  rise  in 
the  one  case  to  the  skull,  in  the  other  to  the  vertebral  column  ;  and  although  the  head  as  a 
whole  is  undoubtedly  derived  in  large  part  from  a  portion  of  the  body  that  was  primitively 
segmented,  there  is  no  evidence  to  show  that  the  appearance  of  the  skull  has  been  preceded 
by  a  stage  in  which  osseous  or  even  cartilaginous  vertebrae  are  developed  in  connection  with 
these  segments.1  (Huxley,  “Lectures  on  Comp.  Anat.,”  1864  ;  Gegenbaur,  “Elements  of 
Comparative  Anatomy,”  and  Morph.  Jahrb.,  xiii ;  0.  Hertwig,  “  Lehrb.  der  Entwicklungs- 
geschichte.”) 

1  The  foetal  conditions  referred  to  above  are  fully  explained  in  the  section  on  Embryology  in 
Yol.  I. 
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THE  VARIOUS  FORMS  OF  THE  SKULL. 

I  Differences  according-  to  age. — In  the  earlier  stages  of  its  development  the  posterior 
part  of  the  cranium  bears  a  very  large  proportion  to  the  anterior  part ;  so  much  so,  that  in 
the  second  month  of  foetal  life  the  line  of  the  tentorium  cerebelli  is  vertical  to  the  basis 
cranii,  and  divides  the  cranial  cavity  almost  equally  into  two  parts.  The  parietal  region  then 
increases  rapidly  in  volume,  along  with  the  greater  development  of  the  cerebral  hemispheres  ; 
the  frontal  region  next  augments  ;  and  again,  in  the  latter  part  of  foetal  life,  the  occipital 
region  increases  as  the  cerebrum  extends  backwards  (Cleland).  At  the  time  of  birth  the 
parietal  region  has  reached  its  largest  development  in  proportion  to  the  occipital  and  frontal 
regions.  The  greatest  frontal  breadth  is  then  smaller  in  proportion  to  that  between  the 
parietal  eminences  than  afterwards.  The  base  of  the  cranium  is  relatively  small,  and  the 
great  wing  of  the  sphenoid  and  the  temporal  squama  do  not  extend  so  far  upwards  as  subse¬ 
quently  is  the  case.  The  petrous,  which  is,  however,  comparatively  large,  is  inclined  more 
forwards  than  in  the  adult.  Other  peculiarities,  such  as  the  existence  of  the  fontanelles,  the 
prominence  of  the  frontal  and  parietal  eminences,  and  the  absence  of  the  mastoid  processes, 
have  been  referred  to  in  describing  the  development  of  the  several  bones.  The  face  at  birth 
scarcely  reaches  an  eighth  of  the  bulk  of  cranium,  while  in  the  adult  it  is  at  least  a  half 
(Froriep).  The  skull  grows  rapidly  during  about  the  first  seven  years  of  life.  By  that  time 


Fig.  83. — Lateral  view  of  the  child’s  skull  at; 
birth.  (Leishman. )  \ 

This  figure  shows  the  elongated  form  of  the  skull  in 
the  infant,  and  the  small  proportion  which  the  facial 
bears  to  the  cranial  part,  and  also  the  lateral  fontanelles 
at  the  lower  angles  of  the  parietal  bones.  The  lines  indi¬ 
cate  the  various  diameters. 

certain  parts,  including  the  circumference  of  the 
occipital  foramen,  the  body  of  the  sphenoid,  the 
cribriform  plate,  and  the  petrous  division  of  the 
temporal,  have  attained  their  definitive  size.  The 
other  regions  also  increase  but  little  until  the 
approach  of  puberty,  when  a  second  period  of 
active  growth  begins,  affecting  especially  the  face  and  the  frontal  portion  of  the  cranium, 
with  which  is  associated  the  expansion  of  the  frontal  and  other  air-sinuses  (Merkel).  The 
face  becomes  elongated  in  the  progress  of  growth,  partly  by  increased  height  of  the  nasal 
fossae  and  adjacent  air-sinuses,  partly  by  the  growth  of  the  teeth  and  the  enlargement  of  the 
alveolar  arches  of  the  jaws.  In  old  age  the  skull  commonly  becomes  lighter  and  thinner,  and 
often  a  little  smaller  ;  but  in  some  cases  it  increases  in  thickness  and  weight  owing  to  deposit 
of  bone  on  the  interior  of  the  brain-case  without  a  corresponding  degree  of  absorption 
externally  (Humphry).  The  proportion  of  the  face  to  the  cranium  is  also  diminished  by  the 
loss  of  the  teeth  and^absorption  of  the  alveolar  portions  of  the  jaws.  In  consequence  of  this 
the  upper  jaw  retreats,  while  in  the  lower  jaw  the  same  cause  gives,  especially  when  the  mouth 
is  closed,  a  greater  seeming  prominence  to  the  chin.  (Froriep,  “  Characteristik  des  Kopfes 
nach  dem  Entwickelungsgesetz  desselben,”  1845  ;  Huschke,  “  Schadel,  Hirn  und  Seele,”  1854  ; 
Virchow,  “ Entwickelung  des  Schadelgrundes,”  1857  ;  Humphry,  “A  Treatise  on  the  Human 
Skeleton,”  1858,  and  “  Old  Age,”  1889  ;  Welcker,  “  Wachsthum  und  Bau  des  menschlichen 
Schadels,”  1862  ;  Cleland,  “  On  the  Variations  of  the  Human  Skull,”  Phil.  Trans.,  1869  ;  Merkel, 
“  Beitrag  zur  Kenntniss  der  postembryonalen  Entwicklung  des  menschlichen  Schadels,”  1882.) 

II.  Sexual  differences. — The  female  skull  is,  in  general,  smaller,  lighter,  and  smoother 
than  that  of  the  male  ;  the  muscular  impressions  are  not  so  strongly  marked,  the  mastoid 
processes  and  the  superciliary  ridges  are  less  prominent,  and  the  frontal  sinuses  less  developed. 
The  cranial  capacity  is  less,  on  the  average,  by  one- tenth,  than  that  of  the  male  in  the  same 
race,  and  the  frontal  and  occipital  regions  are  less  capacious  in  proportion  to  the  parietal 
(Huschke).  The  face  is  smaller  in  proportion  to  the  cranium,  the  zygomatic  arches  slender, 
and  the  jaws  narrower  and  less  prominent.  The  female  skull  resembles  the  young  skull  more 
than  that  of  the  adult  male  ;  but  it  must  be  admitted  that  it  is  often  impossible  to  determine 
the  sex  by  the  appearance  or  form  of  a  skull. 

III.  Race  differences,  their  measurement  and  classification.  Craniometry. — The  most 
important  measurements  and  characters  in  comparing  skulls  of  different  races  are  the  cranial 
capacity,  the  circumference  of  the  cranium,  the  relative  length,  breadth  and  height  of  the 
cranium,  the  degree  of  projection  of  the  jaws,  and  the  form  of  the  nasal  skeleton  and  the 
orbital  opening. 
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The  capacity  of  the  cranium  affords  the  most  convenient  indication  of  the  development 
of  the  brain.1  It  is  ascertained  by  filling-  the  cranial  cavity  with  shot,  and  then  measuring 
the  contained  quantity  in  a  properly  graduated  vessel,  special  precautions  being  taken  to 
ensure  as  nearly  as  possible  an  equal  pressure  in  both  operations.  The  capacity  of  the  normal 
human  cranium  varies  from  1,000  to  1,800  cubic  centimetres  (about  60  to  110  cubic  inches), 
with  an  average  in  all  races  of  1,400  cubic  centimetres  (85  cubic  inches).  Skulls  with  a 
capacity  of  from  1,350  to  1,450  cubic  centimetres  are  placed  in  a  middle  group  and  termed 
mesocephalic,  those  exceeding  1,450  cubic  centimetres  in  capacity  are  megacephalic ,  and  those 


below  1,350  cubic 

centimetres  are  micro  cephalic 

(Flower). 

The  following  examples  are  of 

males  only  : — 

Eskimo  .  .  . 

Cub.  centim 
1500 

Cub.  inches. 

91-5 

European 

1480 

90-3 

Chinese  and  Mongols. 

1430 

87-3 

African  Negroes 

1350 

82-4 

Native  Australians  . 

1300 

79-3 

Andaman  Islanders  . 

1280 

78-1 

Before  proceeding  to  the  consideration  of  the  linear  measurements  it  is  necessary  to  refer 
to  certain  definite  points  on  the  surface  of  the  skull  from  which  such  measurements  are 


Fig.  84. — Side  view  op  skull 

OP  A  MALE  AUSTRALIAN. 

(After  Flower.) 

A,  alveolar  point  ;  S,  sub- 
masal  point  ;  N,  nasion  ;  Gl, 
glabella  ;  Op,  ophryon  ;  Bg, 
bregma  ;  Ob,  obelion  ;  L, 
lambda  ;  0,  occipital  point  ; 
I,  inion  ;  B,  basion  ;  Pt, 
pterion  ;  St,  stephanion  ;  As, 
asterion  ;  Gl  O,  length  of 
•cranium  ;  B  N,  basinasal 
length  ;  B  A,  basialveolar 
length  ;  N  S,  nasal  height. 


taken,  or  which  have  a 
particular  importance  as 
presenting  varieties  of  more 
or  less  frequent  occurrence, 
and  to  which  special  names 
have  been  given  not  of  ordi¬ 
nary  use  in  descriptive 
anatomy.  These  are  : — 

Alveolar  point  (fig.  84, 
alveolar  arch. 

Subnasal  or  spinal  point  (S). — The  middle  of  the  inferior  border  of  the  anterior  nasal 
aperture  at  the  base  of  the  nasal  spine. 

Nasion  or  nasal  point  (N). — The  middle  of  the  naso-frontal  suture. 

Ophryon.  or  supraorbital  point  (Op). — The  middle  of  the  supraorbital  line,  which,  drawn 
across  the  narrowest  part  of  the  forehead,  separates  the  face  from  the  cranium. 

Bregma  (Bg). — The  point  of  junction  of  the  coronal  and  sagittal  sutures. 

Obelion  (Ob). — The  region  situated  between  the  two  parietal  foramina  where  the  sagittal 
suture  is  more  simple  than  elsewhere,  and  where  its  closure  generally  commences. 

Lambda  (L) — The  point  of  junction  of  the  sagittal  and  lambdoid  sutures. 

Occipital  point  (O). — The  point  of  the  occiput  in  the  median  plane  most  removed  from  the 
glabella. 


A). — The  centre  of  the  anterior  margin  of  the  upper 


1  According  to  Manouvrier  (Mem.  de  la  Soc.  d’Anthrop.  de  Paris,  2  ser.,  t.  iii,  1885),  the  weight 
of  the  brain  in  grammes  may  be  approximately  ascertained  by  multiplying  the  cranial  capacity  in  cubic 
centimetres  by  *87.  But  it  is  to  be  remarked  that  Manouvrier’s  capacities  were  obtained  by  Broca’s 
method,  which  undoubtedly  gives  too  high  results.  Welcker  proposes  (Arch.  f.  Anthrop.,  xvi,  51)  a 
sliding  scale,  ranging  from  91  gr.  of  brain-weight  to  100  ccm.  of  cranial  capacity  for  skulls  with  a 
capacity  of  1200  ccm.  to  95  gr.  to  100  ccm.  for  skulls  of  1600  ccm.  capacity.  Thus  1480  x  *938  = 
1388  gr.,  which  agrees  closely  with  the  average  European  brain-weight  as  ascertained  by  direct 
■observation. 

a  2 
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THE  SKULL  AS  A  WHOLE. 


Inion  (I). — The  external  occipital  protuberance. 

Opisthion.—  The  middle  of  the  posterior  margin  of  the  foramen  magnum. 

Basion  (B).— The  middle  of  the  anterior  margin  of  the  foramen  magnum. 

Pterion  (Pt). — The  region,  near  the  anterior  part  of  the  temporal  fossa,  where  the  great 
wing  of  the  sphenoid,  the  squamous,  the  parietal  and  the  frontal  bones  approach  each  other, 
the  exact  disposition,  however,  varying  in  different  individuals.  In  the  most  common 
condition  the  parietal  and  great  wing  of  the  sphenoid  meet  and  form  a  short  horizontal 
suture  ;  but  it  sometimes  happens  that  these  two  bones  are  separated  by  the  junction  of  the 
frontal  and  squamous,  giving  rise  to  a  vertical  fronto -temporal  suture,  generally  continuing  the 
linb  of  the  coronal  suture.  The  latter  form  is  especially  frequent  in  some  of  the  lower  races  of 
mankind,  and  is  the  rule  in  the  gorilla  and  chimpanzee.  There  is  often  a  small  Wormian  bone 
in  this  situation,  the  epipteric  lone  of  Flower,  and  many  cases  of  the  occurrence  of  a  fronto¬ 
temporal  suture  are  attributable  to  the  union  of  this  piece  of  bone  with  the  squamous  or  frontal. 

Stephanion  (St). — The  point  where  the  corona1 2  suture  crosses  the  temporal  line. 

Asterion  (As). — The  point  where  the  lambdoid,  parieto-mastoid  and  occipito-mastoid 
sutures  meet.  When  a  separate  interparietal  bone  is  present  the  suture  dividing  it  from  the 
supraoccipital  runs  transversely  from  asterion  to  asterion,  which  will  in  that  case  be  the 
meeting  point  of  four  sutures. 

Auricular  point. — The  centre  of  the  orifice  of  the  external  auditory  meatus. 

The  circumference  of  the  cranium  (horizontal)  is  taken  in  a  plane  passing  anteriorly 
through  the  ophryon,1  and  posteriorly  through  the  occipital  point  (fig.  84,  Op  0).  This  may 
exceed  to  a  slight  degree  550  millimetres  (21*7  inches)  or  it  may  be  as  low  as  450  mm. 
(17'7  inches).  The  average  in  the  adult  European  male  is  525  mm.,  in  the  female  500  mm. 
For  comparison  of  the  relative  development  of  the  anterior  and  posterior  portions  of  the 
cranium,  the  preauricular  part  of  the  circumference  is  divided  from  the  postauricular  part  by 
a  line  on  each  side  passing  from  the  auricular  point  to  the  bregma  (auriculo -bregmatic  line). 

The  length  of  the  cranium  (maximum)  is  measured  from  the  most  prominent  point  of  the 
glabella  to  the  occipital  point  (fig.  84,  Ol  O),  and  this  is  made  the  standard  =  100.  The 
breadth  (maximum)  is  the  greatest  transverse  diameter  of  the  cranium  above  the  supramastoid 
ridges,  measured  perpendicularly  to  the  median  plane.  The  proportion  of  the  latter  to  the 

length  x  breadth  \  .g  ^n^ex  0j>  ireadth  or  the  cephalic  index.  Skulls  with  a 

V  length  / 

breadth-index  above  80  are  br  achy  cephalic  ,from  75  to  80  mesaticephalic ,  and  below  75  dolicho¬ 
cephalic. 

The  height  of  the  cranium  is  measured  from  the  basion  to  the  bregma,  and  the  proportion 
of  this  to  the  length,  calculated  in  the  same  way,  is  the  index  of  height.  It  is  subject  to  less 
variation  than  the  breadth-index ;  in  some  cases,  especially  in  dolichocephalic  skulls,  it. 
exceeds,  but  more  frequently  it  falls  below  that  index. 


Mongolians  of  Siberia  and  Central  Asia  . 

Breadth- 

index. 
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Height- 

index.* 

73 

Andaman  Islanders . 

82 

77 

Chinese . 

79 

75 

English  ....... 

76 

71 

Native  Australian  ..... 

71 

71 

Fiji  Islanders  .  .  .  .  .  . 

66 

74 

For  a  more  accurate  determination  of  the  form  of  the  cranium  other  measurements  are 
taken,  such  as  the  transverse  circumference,  passing  through  the  auricular  point  on  each  side 
and  the  bregma  above  ;  the  longitudinal  arc  from  the  nasion  to  the  opisthion,  with  its 
subdivisions  into  frontal,  parietal  and  occipital  arcs  ;  transverse  arcs  from  the  posterior  root 
of  the  zygoma  immediately  above  the  auricular  point  of  the  one  side  to  the  other,  across  the 
most  prominent  parts  of  the  frontal,  parietal,  and  occipital  bones  respectively.  The  antero¬ 
posterior  curve  of  the  roof  may  also  be  indicated  by  a  series  of  radii  from  the  basion  to  the 
centre  of  the  frontal  bone,  the  bregma,  the  vertex  and  the  lambda.  Other  features  again  are 
not  capable  of  being  expressed  in  terms  of  direct  measurement,  and  must  be  described  in  each 
case  ;  for  example,  the  form  of  the  transverse  arch  of  the  cranium,  which  in  the  best  shaped 
skulls  is  full  and  rounded,  while  in  some  races,  notably  in  the  Australian,  the  line. of  the 
sagittal  suture  is  elevated,  and  the  surface  on  each  side  flattened  or  even  somewhat  depressed, 
making  the  calvaria  roof-shaped  ;  and  this  condition,  combined  with  great  prominence  of  the 
parietal  eminences  or  of  the  temporal  lines,  gives  the  skull,  when  viewed  from  behind,  a 
markedly  pentagonal  figure.  The  degree  of  complication  and  fusion  of  the  sutures,  the 
amount  of  projection  of  the  glabella  and  of  the  inion,  and  other  variable  points,  maybe  stated 
according  to  tables  furnished  by  Broca  in  the  work  referred  to  below. 

1  Some  anthropologists  measure  the  circumference  over  the  glabella  (Turner,  Schmidt). 

2  In  these  examples,  which  are  taken  from  the  Catalogue  of  the  Museum  of  the  Royal  College  of 
Surgeons,  the  indices  are  calculated  from  the  ophryo-occipital  length. 
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The  situation  and  direction  of  the  foramen  magnum  differ  greatly,  as  was  pointed  out  by 
Daubenton,  in  man  and  the  lower  animals,  in  connection  with  the  altered  position  of  the  axis 
of  the  head  in  relation  to  that  of  the  vertebral  column.  In  man  the  foramen  is  placed  in  or 
near  the  centre  of  the  base  of  the  skull,  and  its  plane  looks  mainly  downwards ;  in  quadrupeds 
it  is  placed  on  the  posterior  surface  of  the  skull  and  looks  backwards ;  while  in  the  anthropoid 
apes  it  is  intermediate  in  position  and  direction.  But  even  in  human  skulls  similar  differences 
occur,  though  much  less  in  degree.  In  the  European  the  plane  of  the  foramen  is  inclined 
upwards  anteriorly,  in  the  Australian  and  Negro  it  is  horizontal  or  even  inclined  slightly 
Upwards  posteriorly.  The  degree  of  inclination  requires  for  its  determination  a  special 
“  occipital  goniometer  ”  designed  by  Broca. 

In  the  skeleton  of  the  face  the  most  striking  differences  are  met  with  in  the  size  of  the 
jaws  and  the  extent  to  which  they  project  forwards.  The  human  skull,  in  comparison  with 
that  of  the  lower  animals,  is  especially  distinguished  by  the  great  expansion  of  its  cranial 
portion  and  the  relatively  small  development  of  the  face,  the  latter  being  extended  vertically 
instead  of  horizontally,  and  thus  brought  downwards  under  the  fore  part  of  the  cranium.  A 
marked  prominence  of  the  jaws  constitutes,  therefore,  an  approach  to  the  animal  type  of 
skull,  and  is  to  be  regarded  as  a  character  of  inferiority,  particularly  when  it  is  accompanied, 
as  is  often  the  case,  by  a  low  and  receding  forehead.  The  degree  of  projection  of  the  jaws 
beyond  the  cranium  is  most  conveniently  expressed  by  the  gnathic  or  alveolar  index  of  Flower, 
which  is  obtained  by  comparing  the  basialveolar  length  (fig.  84,  BA)  with  the  basinasal  length 
(BN)  =  100 ;  skulls  with  a  gnathic  index  below  98  are  orthognathous,  from  98  to  103 


mesognathous,  and  above  103  prognathous. 

Gnathic  Index. 

English 

.  .  96 

Chinese . 

99 

Eskimo 

-  .  101 

Fiji  Islanders 

.  103 

Native  Australian 

.  .  104 

In  the  form  of  the  nasal  skeleton  and  the  anterior  nasal  aperture  variations  are  to  be 
recognised  corresponding  to  the  external  conformation  of  the  nose.  Of  these,  the  height  and 
width  are  capable  of  exact  measurement,  and  the  relation  between  the  two,  expressed  by  the 
nasal  index ,  becomes  a  character  of  considerable  importance.  The  height  is  measured  from 
the  nasion  to  the  subnasal  point  (fig.  84,  NS),  the  width  is  the  greatest  transverse  diameter 
of  the  anterior  nasal  aperture,  and  the  calculated  proportion  of  this  to  the  height  =  100,  is 
the  index.  With  a  nasal  index  below  48  a  skull  is  leptorhine ,  from  48  to  53  viesorhine ,  above 


53  jplatyrhine. 

Eskimo  . 

Nasal  Index. 

44 

English 

.  .  46 

Chinese  . 

50 

Native  Australian 

. 

.  .  57 

The  form  of  the  orbit  also  varies,  but  is  a  less  significant  character  than  that  of  the  nose. 
The  orbital  index  is  the  ratio  of  the  vertical  height  of  the  base  of  the  orbit  to  the  transverse 
width  =  100 ;  if  above  89  it  is  megaseme ,  between  89  and  84  mesoseme ,  and  below  84 
microseme. 


Orbital  Index. 


Andaman  Islanders  . 

91 

Chinese 

90 

English  .... 

88 

Native  Australian 

81 

Guanches  of  Teneriffe 

80 

For  an  account  of  the  variations  in  the  form  of  the  palate  and  of  the  mandible,  as  well  as 
of  the  means  of  estimating  the  relative  projection  of  the  malar  and  nasal  bones,  and  several 
other  measurements  of  the  face  skeleton,  reference  must  be  made  to  the  special  treatises. 

(For  more  detailed  information  on  the  foregoing  subject  consult  Broca,  “  Instructions 
craniologiques  et  craniometriques,”  1875 ;  Flower,  “  Cat.  of  Museum  of  Roy.  Coll.  Surg.  of  Eng.,” 
part  i.,  1879  ;  de  Quatrefages  and  Hamy,  “Crania  Ethnica,”  1873-81  ;  Topinard,  “Elements 
d’anthropologie  generale ;  ”  Turner,  “  Challenger  ”  Reports,  Zoology,  x ;  and  Schmidt, 
“  Anthropologische  Methoden,”  1888.  References  to  earlier  writings  of  importance  are  given 
in  the  last  edition  of  this  work.) 

IV.  Irregularities  of  form. — The  most  frequent  irregularity  in  the  form  of  the  skull  is 
want  of  symmetry.  This  sometimes  occurs  in  a  marked  degree,  and  there  is  probably  no  skull 
perfectly  symmetrical.  The  condition  which  has  been  observed  to  co-exist  most  frequently 
with  irregular  forms  of  skull  is  premature  synostosis  or  obliteration  of  certain  of  the  sutures. 
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THE  BONES  OF  THE  UPPER  LIMB. 


The  cranial  bones  increase  in  size  principally  at  their  margins  ;  and  when  a  suture  is- 
prematurely  obliterated  the  growth  of  the  skull  in  the  direction  at  right  angles  to  the  line  of 
suture  may  be  supposed  to  be  checked,  and  increased  growth  in  other  directions  may  take 
place  to  supply  the  defect.  Thus,  the  condition  known  as  scaphocephaly  is  found  associated 
with  absence  of  the  sagittal  suture,  where,  the  transverse  growth  being  prevented,  a  great 
increase  takes  place  in  the  vertical,  and  especially  the  longitudinal  directions,  giving  the  vault 
of  the  skull  a  boat-like  form.  Similarly,  acrocephaly  is  related  to  obliteration  of  the  coronal 
suture,  the  compensatory  growth  taking  place  mainly  upwards.  Oblique  deformity,  or 
plagiocephaly,  also  is  met  with  in  connection  with  premature  fusion  of  one  half  of  the  coronal 
or  lambdoid  suture  ;  but  independently  of  this  a  precisely  similar  deformity  may  be  induced  by 
rickets,  wry -neck,  or  external  pressure.  (See  Virchow,  “  Gesammelte  Abhandlungen,”  1856; 
Lucae/“Zur  Architectur  des  Menschenschadels,”  1857  ;  W.  Turner  in  Nat.  Hist.  Rev.,  1864  ; 
J.  Barnard  Davis,  “  On  Synostotic  Crania,”  1865  ;  Topinard,  op.  cit .)  Another  series  of 
irregular  forms  of  skull  is  that  produced  by  pressure  artificially  applied  in  early  life,  and  is 
best  exemplified  from  among  those  American  tribes  who  compress  the  heads  of  their  children 
by  means  of  an  apparatus  of  boards  and  bandages  :  it  is  also  illustrated  in  a  slighter  degree  by 
individual  instances  in  which  undue  pressure  has  been  employed  unintentionally.  (Oosse, 
“  Essai  sur  les  Deformations  artificielles  du  Crane,”  1855;  V.  Lenhossek,  “Die  kunstlichen 
Schadelverbildungen,”  &c.,  1881.)  Posthumous  distortions  likewise  occur  in  long-buried 
skulls,  subjected  to  the  combined  influence  of  pressure  and  moisture.  (Wilson,  “  Prehistoric. 
Annals  of  Scotland.”) 


IV.— THE  BONES  OF  THE  UPPER  LIMB. 

The  upper  limb  consists  of  the  shoulder,  the  arm,  brachium,  the  forearm,  anti - 
brachium, ,  and  the  hand,  manus.  The  bones  of  the  shoulder  are  the  clavicle  and 
scapula,  which  together  form  the  pectoral  arch  or  shoulder-girdle  ;  in  the  arm  is  the- 
humerus  ;  in  the  forearm  are  the  radius  and  ulna  ;  and  in  the  hand  three  groups  of 
bones,  viz.,  the  carpus,  metacarpus,  and  phalanges. 

THE  CLAVICLE. 

The  clavicle  or  collar-bone  extends  outwards  and  backwards,  from  the  summit  of 
the  sternum  to  the  acromion  process  of  the  scapula,  and  connects  the  upper  limb 
with  the  trunk.  It  is  curved  like  an  italic  / :  the  internal  curve  has  its  convexity 


Fig.  85.— Right  clavicle,  from  above.  (Drawn  by  T.  W.  P.  Lawrence.)  § 


directed  forwards,  and  extends  over  two-thirds  of  the  length  of  the  bone  ;  the 
outer  curve  is  concave  forwards,  corresponding  to  the  hollow  between  the  chest  and 
shoulder. 

The  clavicle  is  broad  towards  its  scapular  end,  being  compressed  from  above 
downwards,  but  in  the  extent  of  its  inner  curve  it  is  more  or  less  prismatic  or 
cylindrical.  In  its  description,  four  surfaces  may  be  distinguished,  together  with  the 
two  extremities. 

The  superior  surface  is  broadest  in  its  outer  part ;  it  is  principally  subcutaneous  and 
smooth,  but  near  the  inner  extremity  presents  a  slight  roughness,  marking  the  clavi- 


THE  CLAVICLE. 
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cular  attachment  of  the  sterno-cleido-mastoid  muscle.  The  anterior  surface  opposite 
the  outer  curve  is  reduced  to  a  mere  rough  border,  from  which  the  deltoid  muscle 
takes  origin  ;  but  in  the  inner  half  of  its  extent  it  is  broadened  out  into  an  uneven 
space,  more  or  less  distinctly  separated  from  the  inferior  surface,  and  giving  attach¬ 
ment  to  the  pectoralis  major  muscle.  The  posterior  surface  is  broadest  at  the  inner 
extremity,  and  smooth  in  the  whole  extent  of  the  internal  curvature  ;  but  towards 
its  outer  extremity  it  forms  a  thick  border  which  gives  attachment  to  the  trapezius 
muscle.  About  the  middle  of  this  surface  is  the  aperture  of  a  small  canal  for  the 
medullary  artery,  directed  outwards.  On  the  inferior  surface ,  at  the  sternal  end  is  a 
rough  impression  for  the  attachment  of  the  rhomboid  ligament,  by  which  the  clavicle 
is  bound  down  to  the  first  rib  ;  more  externally  is  a  groove,  extending  somewhat 


Fig.  86. — Right  clavicle,  from  below.  (Drawn  by  T.  W.  P.  Lawrence.)  | 


beyond  the  middle  third  of  the  bone,  in  which  the  subclavius  muscle  is  inserted ; 
behind  this,  projecting  on  the  posterior  border  at  the  junction  of  the  middle  and 
outer  thirds,  is  a  well-marked  eminence,  the  conoid  tubercle ,  to  which  the  conoid 
division  of  the  coraco-clavicular  ligament  is  attached,  and  from  which  the  rough, 
generally  raised,  trapezoid  line ,  for  the  trapezoid  part  of  the  same  ligament,  is  directed 
outwards  and  forwards  towards  the  end  of  the  bone. 

The  sternal  end  is  the  thickest  part  of  the  clavicle.  It  presents  a  somewhat 
triangular  concavo-convex  surface,  with  its  most  prominent  angle  directed  down¬ 
wards  and  backwards.  The  scapular  end  is  broad  and  flat,  and  articulates  by  a  small 
oval  surface  with  the  acromion. 

The  clavicle  is  subcutaneous  to  a  greater  or  less  extent  in  its  whole  length  ;  the 
most  prominent  part  is  about  the  centre,  corresponding  to  the  intermuscular  intervals, 
above  between  the  sterno-mastoid  and  trapezius,  and  below  between  the  pectoralis 
major  and  deltoid  ( supra -  and  infraclavicular  fossce).  The  outer  extremity  is  a  little 
higher  than  the  upper  surface  of  the  acromion  against  which  it  fits,  and  forms  a 
prominence  on  the  upper  part  of  the  shoulder. 

The  interior  of  the  clavicle  contains  coarse  cancellated  tissue  in  its  whole  extent,  the 
principal  lamellae  being-  directed  longitudinally.  The  shell  of  compact  tissue  is  for  the  most 
part  very  thick  and  dense,  but  it  thins  out  gradually  at  the  two  ends  of  the  bone. 

Varieties. — At  the  inner  part  of  the  deltoid  impression  there  is  sometimes  a  flattened 
projection  known  as  the  deltoid  tubercle.  A  small  foramen  for  one  of  the  supraclavicular 
nerves  is  occasionally  found  at  the  fore  part  of  the  upper  surface  of  the  bone  about  the 
middle. 


THE  SCAPULA. 

The  scapula  is  placed  upon  the  upper  and  back  part  of  the  thorax,  and  forms 
the  posterior  part  of  the  shoulder-girdle.  It  is  not  attached  directly  to  the  trunk, 
but  is  articulated  with  the  outer  end  of  the  clavicle,  and  from  it  is  suspended  the 
humerus  in  the  shoulder-joint. 
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THE  BONES  OF  THE  UPPER  LIMB. 


It  consists  of  a  triangular  blade  or  body,  supporting  two  large  processes.  The 
surfaces  of  the  body  are  anterior  and  posterior  ;  the  borders  superior,  internal  or 
vertebral,  and  external  or  axillary  ;  the  angles  superior,  inferior,  and  external ;  the 
last  being  the  thickest  part  of  the  bone,  and  bearing  the  large  articular  surface,  is 
distinguished  as  the  head,  which  is  supported  upon  a  neck.  The  processes  are  an 
anterior,  coracoid  process,  and  a  posterior,  the  spine,  which  is  produced  into  the 
acromion. 


Fig.  87. — Dorsal  view  oe  right  scapula.  (Drawn  by  T.  W.  P.  Lawrence.)  § 


The  anterior  surface  or  venter,  looking  also  considerably  inwards,  presents  a 
concavity,  the  subscapular  fossa ,  occupied  by  the  subscapularis  muscle,  and  marked 
by  three  or  four  oblique  prominent  lines,  converging  upwards  and  outwards,  which 
give  attachment  to  the  tendinous  intersections  of  that  muscle.  Separated  from  this 
concavity,  are  two  smaller  flat  surfaces,  one  in  front  of  the  superior  angle  and 
the  other  at  the  inferior  angle  ;  and  these,  together  with  the  line  running  close  to 
the  vertebral  border  and  uniting  them,  give  attachment  to  the  serratus  magnus 
muscle. 

The  posterior  surface  or  dorsum  is  divided  by  the  spine  into  two  unequal  parts, 
the  upper  of  which  is  the  supraspinous  fossa,  and  the  lower,  the  infraspinous  fossa. 
The  supraspinous  fossa  is  occupied  by  the  supraspinatus  muscle.  The  infraspinous 
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fossa,  much  the  larger,  presents  in  the  middle  a  convexity  corresponding  to  the 
concavity  of  the  venter,  and  outside  this  a  concavity  bounded  by  the  prominent 
axillary  border.  It  is  marked  near  the  inner  border  by  short  lines,  corresponding  to 
tendinous  septa  of  the  infraspinatus  muscle,  and  is  occupied  by  that  muscle  in  the 
greater  part  of  its  extent.  Adjacent  to  the  axillary  border,  in  its  middle  third,  is 
a  narrow  area  giving  attachment  to  the  teres  minor  muscle  ;  and  below  this,  extend¬ 
ing  over  the  inferior  angle,  is  a  raised  oval  surface,  from  which  the  teres  major  arises. 


Fig.  88. — Right  scapula,  from  before.  (Drawn  by  T.  W.  P.  Lawrence.)  | 

These  spaces  are  separated  from  each  other,  and  from  that  of  the  infraspinatus 
muscle,  by  lines  which  give  attachment  to  aponeurotic  septa. 

The  spine  of  the  scapula  is  a  massive  triangular  plate  of  bone  projecting  back¬ 
wards  and  upwards  from  the  dorsum.  Beginning  internally  near  the  upper  fourth 
of  the  vertebral  border,  it  extends  outwards  and  a  little  upwards  to  the  middle  of 
the  neck  of  the  scapula  ;  and  becoming  gradually  elevated  towards  its  outer  extremity, 
it  turns  forwards  and  is  continued  into  the  acromion  process.  The  upper  and  lower 
surfaces,  smooth  and  concave,  form  part  respectively  of  the  supra-  and  infraspinous 
fossae.  It  has  two  unattached  borders,  the  more  prominent  of  which  is  sub¬ 
cutaneous,  and  arises  from  the  vertebral  border  of  the  bone  by  a  smooth,  flat, 
triangular  surface,  over  which  the  tendon  of  the  inferior  part  of  the  trapezius 
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muscle  glides,  as  it  passes  to  be  inserted  into  a  rougli  thickening  beyond.  In  the 
rest  of  its  extent  this  border  is  rough,  broad,  and  serpentine,  giving  attachment  by 
its  superior  margin  to  the  trapezius,  and  by  its  inferior  to  the  deltoid  muscle.  The 
external  border,  short,  smooth,  and  concave,  arises  near  the  neck  of  the  scapula,  and 
is  continuous  with  the  under  surface  of  the  acromion,  enclosing  the  great  scapular 
notch  between  it  and  the  neck  of  the  bone. 

The  acromion  process,  projecting  outwards  and  forwards  from  the  extremity  of  the 
spine  over  the  glenoid  cavity,  forms  the  summit  of  the  shoulder.  It  is  an  expanded 
process,  compressed  from  above  downwards.  Its  superior  surface,  rough  and 
subcutaneous,  is  continuous  with  the  prominent  border  of  the  spine  ;  while  the 
inferior  surface,  smooth  and  concave,  is  continuous  with  the  superior  surface  and 
external  border  of  the  spine.  On  its  internal  border  anteriorly  is  a  narrow  oval  sur¬ 
face  for  articulation  with  the  clavicle.  Its  outer  border  gives  origin  to  the  acromial 
portion  of  the  deltoid,  and  is  marked  by  three  or  four  tubercles  from  which  tendinous 
processes  of  this  part  of  the  muscle  spring  :  posteriorly  it  terminates  in  the  pro¬ 
minent  acromial  angle,  which  overhangs  the  hinder  margin  of  the  glenoid  cavity. 
The  apex  of  the  acromion  projects  beyond  the  end  of  the  clavicle,  and  gives  attach¬ 
ment  to  the  coraco-acromial  ligament. 

The  head  bears  the  articular  surface  for  the  humerus,  known  as  the  glenoid  cavity. 
This  is  a  slightly  concave  surface,  looking  outwards,  forwards,  and  slightly  upwards. 
It  is  pyriform  in  shape,  with  the  narrow  end  uppermost,  and  gently  incurved  in 
front.  Its  rim  is  flattened,  and  in  the  recent  state  is  covered  by  a  fibrous  band,  the- 
glenoid  ligament,  which  deepens  its  concavity;  at  its  upper  extremity  is  a  small  mark 
indicating  the  attachment  of  the  long  head  of  the  biceps  muscle. 

The  neck,  supporting  the  head,  is  most  distinct  behind,  where  it  forms  with  the 
spine  the  great  scapular  or  acromio-scapular  notch,  leading  from  the  supraspinous  to- 
the  infraspinous  fossa  ;  its  position  is  also  marked  above  by  the  notch  in  the  upper 
border  of  the  bone. 

The  coracoid  process,  thick,  strong,  and  hook-like,  rises  for  a  short  distance  almost 
vertically  from  the  upper  border  of  the  head,  and  then  bending  at  a  right  angle,  is 
directed  forwards  and  slightly  outwards.  Its  superior  surface,  towards  the  base,  is- 
rough  and  uneven,  giving  origin  to  the  coraco-clavicular  ligament  ;  on  its  outer 
border  is  attached  the  coraco-acromial  ligament,  at  its  extremity  the  coraco-brachialis 
muscle  and  short  head  of  the  biceps,  and  on  the  inner  edge  the  pectoralis  minor. 

The  superior  border  of  the  scapula  is  the  shortest ;  it  extends  from  the  superior 
angle  outwards  and  downwards  to  the  coracoid  process,  at  the  base  of  which  it  presents 
a  rounded  suprascapular  or  coraco-scapular  notch ,  which  is  converted  into  a  foramen 
by  a  ligament,  or  occasionally  by  a  spiculum  of  bone,  and  is  traversed  by  the  supra¬ 
scapular  nerve.  The  axillary  border  is  the  thickest ;  at  the  upper  end,  below  the- 
glenoid  cavity,  it  presents  a  strong  rough  mark,  above  an  inch  long,  to  which  the 
long  head  of  the  triceps  muscle  is  attached  ;  and  below  this  there  is  usually  a  slight 
groove,  where  the  dorsal  branch  of  the  subscapular  artery  passes  backwards  ;  on  the- 
ventral  aspect  of  this  edge  in  the  greater  part  of  its  length  is  a  marked  groove  in  which 
a  considerable  part  of  the  subscapularis  muscle  arises.  The  vertebral  border ,  called 
also  the  base,  is  the  longest  of  the  three,  and  is  divisible  into  three  parts,  viz.,  a  short, 
one  opposite  the  triangular  surface  of  origin  of  the  prominent  border  of  the  spine, 
and  the  portions  above  and  below  that  space,  both  of  which  incline  outwards  as  they 
recede  from  the  spine.  The  upper  part  gives  attachment  to  the  levator  anguli 
scapulae  muscle,  the  middle  to  the  rhomboideus  minor,  and  the  lower  to  the  rhom- 
boideus  major  muscle. 

The  subcutaneous  parts  of  the  scapula  are  the  free  border  of  the  spine  in  nearly 
the  whole  of  its  length,  the  upper  surface  of  the  acromion,  and  a  small  part  of  the- 
vertebral  border  in  its  lower  half ;  the  superior  and  axillary  borders  are  entirely 
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concealed  by  the  muscles.  The  coracoid  process  projects  in  front  beyond  the  clavicle,, 
and  can  be  readily  felt  inside  the  head  of  the  humerus,  but  can  be  seen  only  in  thin 
persons.  With  the  arm  hanging  by  the  side,  the  scapula  covers  the  ribs  from  the 
second  to  the  seventh  inclusive,  sometimes  the  eighth ;  and  the  root  of  the  spine  and 
the  lower  edge  of  the  glenoid  cavity  are  on  a  level  with  the  interval  between  the 
third  and  fourth  dorsal  spines.  It  must,  however,  be  remembered  that  the  bone 
changes  its  position  with  every  movement  of  the  arm. 


ME SO SCAPULA 


The  body  of  the  scapula  is  in  great  part  thin  and  translucent,  and  at  these  spots  contains- 
no  cancellated  tissue.  The  head,  the  coracoid  and  acromion  processes,  the  prominent  border 
of  the  spine,  and  the  thick  rib  along  the  axillary  border,  derive  their  greater  thickness  and 
strength  from  increased  thickness  of  the  compact  bony  substance  in  some  parts,  and  from 
cancellated  tissue  in  others.  Vascular  foramina  pierce  the  upper  and  lower  surfaces  of  the 
spine,  and  others  are  to  be  found  on  the  anterior  surface  of  the  bone,  near  the  neck. 

The  morphological  axis  of  the  scapula  corresponds  to  the  line  of  attachment  of  the  spine, 
extending  from  the  glenoid  cavity  to  the  vertebral  border  of  the  bone.  From  this  axis  three 
laminae  radiate,  the  prescapula,  mesoscapula ,  and  postscapula  of 
Parker,  giving  rise  to  the  three  scapular  fossae.  The  supraspinous 
angle  (between  the  prescapula  and  mesoscapula)  measures  about 
100°  ;  the  infraspinous  and  subscapular  angles  are  each  about  1300.1 
The  scapula  of  man  is  remarkable  for  the  great  development  of  the 
postscapula,  making  the  vertebral  border  very  long  and  the  inferior 
angle  prominent.  This  is  an  adaptation  to  the  freedom  of  move¬ 
ment  possessed  by  the  upper  limb.  The  surface  for  attachment  of 
the  rotator  muscles  of  the  humerus  is  thus  increased,  and  greater 
leverage  is  given  to  the  lower  part  of  the  serratus  magnus  muscle, 
which  rotates  the  scapula  upwards.  The  relative  length  and 
breadth  of  the  scapula  are  expressed  by  the  scapular  index  = 

100  x  breadth 

- ; - is - .  The  index  is  higher  m  the  infant  than  in  the 

length 

adult,  and  in  Negroes  than  in  Europeans.  (Broca,  Bull.  Soc. 

Anthrop.  Paris,  1878 ;  Flower  and  Garson,  Journ.  Anat.,  xiv ; 

Turner,  “  Challenger  ”  Reports,  Zoology,  xvi ;  Dwight,  “  The  Range 
of  Variation  of  the  Human  Shoulder-Blade,”  Amer.  Nat.,  1887.) 

THE  HUMERUS. 

The  humerus  or  arm-bone  extends  from  the  shoulder 
to  the  elbow,  where  it  articulates  with  both  bones  of  the 
forearm.  It  is  divisible  into  the  superior  extremity ,  including 
the  head,  neck ,  and  great  and  small  tuberosities ;  the  shaft ; 
and  the  inferior  extremity,  including  the  external  and  internal 
condyles,  and  the  inferior  articular  surface.  In  general  form 
it  is  subcylindrical  and  slightly  twisted. 

The  superior  extremity  is  the  thickest  part  of  the 
bone.  The  head  is  a  large  hemispherical  articular  elevation, 
directed  inwards,  upwards,  and  backwards.  The  neck,  as 
described  by  anatomists,  is  the  short  portion  of  bone  which 
supports  the  head  ;  inferiorly,  it  passes  into  the  shaft ; 
superiorly,  it  is  a  mere  groove  between  the  head  and 
The  great  tuberosity  is  a  thick  projection,  continued  upwards  from  the  external 
part  of  the  shaft,  and  reaching  nearly  to  the  level  of  the  upper  margin  of  the 
head;  it  is  surmounted  by  three  fiat  surfaces,  the  uppermost  of  which  gives 
attachment  to  the  supraspinatus  muscle,  the  lowest  to  the  teres  minor,  and  the 
intermediate  one  to  the  infraspinatus  muscle.  Separated  from  the  great  tuberosity 
by  the  commencement  of  the  bicipital  groove  is  the  small  tuberosity,  oval  and 
prominent ;  it  looks  forwards  and  gi  ves  attachment  to  the  subscapularis  muscle. 


Fig.  89.— Vertical  sec¬ 
tion  OP  THE  SCAPULA, 
PASSING-  THROUGH  THE, 
MIDDLE  OP  THE  THREE 

poss^j.  (G.  D.  T.)  ^ 


the 


great 


tuberosity. 


1  See  Ward’s  “  Outlines  of  Human  Osteology. 
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The  shaft  or  body,  thick  and  cylindrical  above,  becomes  expanded  transversely 
and  somewhat  three-sided  below.  It  is  divided  into  anterior  and  posterior  faces  by 
lateral  lines,  slightly  marked  in  the  upper  part,  but  more  prominent  in  the  lower,, 
where  they  pass  into  the  supracondylar  ridges.  Superiorly,  on  its  anterior  aspect 
is  the  bicipital  groove ,  so  named  from  lodging  the  long  tendon  of  the  biceps  muscle  ; 
this  groove,  commencing  between  the  tuberosities,  descends  with  an  inclination 
inwards,  and  is  bounded  by  two  rough  margins,  the  external  and  more  prominent 
of  which,  pectoral  ridge ,  gives  attachment  to  the  pectoralis  major  muscle,  the  internal 

to  the  latissimus  dorsi  and  teres  major.  To¬ 
wards  the  middle  of  the  shaft,  on  the  inner 
lateral  line,  is  a  rough  linear  mark  wdiere  the 
coraco-brachialis  muscle  is  inserted,  and  a  little 
lower  down  is  the  foramen  by  which  the  chief 
medullary  artery  enters  the  bone,  directed  down¬ 
wards.  On  the  external  part  of  the  shaft,  near 
its  middle,  in  a  line  anteriorly  with  the  pectoral 
ridge,  is  a  large,  elevated,  and  rough  surface,  of 
a  triangular  shape,  the  deltoid  eminence ,  for  the 
insertion  of  the  muscle  of  the  same  name.  Below 
this,  the  ridge  is  continued  into  a  smooth 
elevation  which,  descending  on  the  front  of 
the  shaft  to  the  inferior  extremity,  separates  an 


CAFIT£LLUM 


ANCONEUS 


GROOVE  OF  ULNAR  NERVE 


Fig.  92. — Lower  two-fifths  of  the  right 
HUMERUS,  FROM  THE  OUTER  SIDE.  (Drawn 
by  T.  W.  P.  Lawrence.)  § 


Fig.  9-3. — Lower  extremity  of  the  right  humerus,, 
from  below.  (Drawn  by  T.  W.  P.  Lawrence.)  § 


external  from  an  internal  surface  ;  while  at  the  sides  these  are  separated  from  the 
flat  posterior  surface  by  the  supracondylar  ridges ,  which  descend,  the  external  more 
prominent  than  the  internal,  to  the  condyle  on  each  side.  About  the  middle  of  the 
shaft  externally,  a  broad  depression,  the  spiral  groove ,  winds  downwards  and 
forwards,  limited  above  by  the  deltoid  eminence,  and  below  by  the  external 
supracondylar  ridge:  the  hollow  is  for  the  most  part  occupied  by  a  process  of  the 
brachialis  anticus  muscle,  but  posteriorly,  where  there  is  often  to  be  recognized  a 
second  smaller  groove,  the  musculo-spiral  nerve  and  superior  profunda  vessels  rest 
against  the  bone.  At  the  upper  part  of  the  groove  there  is  generally  a  second 
foramen  for  a  branch  of  the  superior  profunda  artery. 

The  external  and  internal  surfaces  below  the  deltoid  eminence  are  occupied  by  the  origin  of 
the  brachialis  anticus  muscle.  Posteriorly,  the  outer  head  of  the  triceps  arises  from  the  surface 
above  the  spiral  groove,  the  inner  head  from  the  surface  internal  to  and  below  the  groove. 
The  external  supracondylar  ridge  gives  origin  in  its  upper  two-thirds  to  the  supinator  longus, 
in  its  lower  third  to  the  extensor  carpi  radialis  longior.  The  external  and  internal  inter¬ 
muscular  septa  of  the  arm  are  also  attached  to  the  corresponding  supracondylar  ridges. 

The  inferior  extremity  is  much  enlarged  laterally,  flattened  from  before 
backwards,  and  curved  slightly  forwards.  Projecting  on  either  side  are  the  external 
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and  internal  condyles  (the  epicondyle  and  epitrochlea  of  Chaussier).  The  internal 
•condyle  is  the  more  prominent,  and  is  slightly  inclined  backwards,,  forming 
posteriorly  a  shallow  groove  in  which  the  ulnar  nerve  lies  *  its  extremity  is  marked 
anteriorly  by  an  impression  to  which  the  common  tendon  of  the  superficial 
pronato -flexor  muscles  of  the  forearm  is  attached.  On  the  external  condyle  are  seen, 
1  a  mark  for  the  common  tendon  of  some  of  the  muscles  of  the  back  of  the  forearm ; 
4,  below  and  internal  to  this,  a  smaller  impression  for  the  anconeus  ;  and  3,  between 
the  foregoing  and  the  margin  of  the  radial  articular  surface,  a  pit  in  which  the 
external  lateral  ligament  of  the  elbow- joint  is  attached.  The  inferior  articular 
surface  is  divided  into  two  parts.  The  external  part,  articulating  with  the  radius, 
consists  of  a  rounded  eminence  directed  forwards,  called  the  capitellum ,  and  a 
groove  internal  to  it ;  it  does  not  extend  to  the  posterior  surface.  The  internal  part, 
£he  trochlea ,  articulates  with  the  ulna,  and  extends  completely  round  from  the 
anterior  to  the  posterior  surface  of  the  bone ;  it  is  grooved  in  the  middle  like  the 
surface  of  a  pulley,  and  is  somewhat  broader  behind  than  in  front ;  anteriorly,  its 
margins  are  inclined  downwards  and  inwards  ;  posteriorly,  upwards  and  outwards,  so 
that,  seen  from  behind,  it  occupies  the  middle  part  of  the  bone.  In  front,  the  internal 
margin  of  the  trochlea  is  the  more  prominent,  and  forms  a  convexity  parallel  to  the 
groove ;  behind,  the  external  margin  is  slightly  more  prominent.  Above  the 
trochlea  posteriorly  is  a  large  and  deep  pit,  the  olecranon  fossa ,  which  receives  the 
olecranon  process  of  the  ulna  in  extension  of  the  forearm  ;  and  above  it  anteriorly, 
separated  from  the  olecranon  fossa  only  by  a  thin  lamina  of  bone,  is  the  much  smaller 
•coronoid  fossa,  which  receives  the  coronoid  process  in  flexion.  Above  the  capitellum 
is  a  shallow  depression — the  radial  fossa,  into  which  the  head  of  the  radius  is 
pressed  in  complete  flexion. 

The  humerus,  in  its  natural  position  with  the  arm  hanging  by  the  side,  has  a 
slight  inclination  from  above  downwards  and  inwards,  and  is  also  in  a  condition  of 
what  may  be  termed  strong  internal  rotation,  i.e.,  the  so-called  anterior  surface  looks 
very  much  inwards,  and  the  internal  condyle  is  directed  more  backwards  than 
inwards.  The  bone  is  almost  completely  covered  by  muscles  ;  the  upper  extremity 
is  thickly  covered  by  the  deltoid,  which  it  pushes  up,  and  thus  gives  roundness  to 
the  shoulder  :  the  shaft  is  entirely  surrounded  :  both  condyles  are  subcutaneous,  the 
internal  being  prominent,  while  the  appearance  of  the  external  varies  as  the  forearm 
is  moved.  When  the  elbow  is  bent  the  capitellum  projects  under  its  muscular 
covering,  and  forms  the  rounded  prominence  outside  the  point  of  the  elbow. 

The  average  length  of  the  humerus  in  the  adult  male  is  about  13  inches,  in  the  female  12 
Inches.  It  is  nearly  one-fifth  of  the  stature  of  the  individual,  and  somewhat  more  than  twice 
as  long  as  the  clavicle.1 

The  major  axes  of  the  upper  and  lower  extremities  of  the  humerus  do  not  lie  in  the  same 
plane,  but  cross  one  another  at  an  angle,  known  as  the  angle  of  torsion ,  which  varies  greatly 
in  different  individuals,  but  averages  about  20°  in  Europeans,  and  35°  in  Negroes.  The  axis 
of  the  upper  end  forms  a  smaller  angle  anteriorly  with  the  sagittal  plane  than  that  of  the 
lower  end.  In  quadrupeds  the  torsion  is  usually  about  90°.  (Broca,  Rev.  d’Anthrop.,  1881.) 

Varieties. — A  small  hook-like  process,  with  its  point  directed  downwards,  is  not  un- 
frequently  found  in  front  of  the  internal  condylar  ridge,  the  supracondylar  process.  From  its 

1  On  the  length  and  proportions  of  the  long  bones  in  different  races  of  men  may  be  consulted 
Humphry,  “A  treatise  on  the  human  skeleton”;  Topinard,  “  ^Elements  d’anthropologie  gdnerale  ”  ; 
Turner,  t(  Challenger  ”  Reports,  Zoology,  xvi  ;  Rollet,  “Mensuration  des  os  longs  des  membres,”  1889. 

It  may  here  be  remarked  also  that  the  limb-bones  of  the  two  sides  are  seldom  of  equal  length.  In  most 
cases  the  bones  of  the  upper  limb  (humerus  +  radius)  are  longer  on  the  right  side,  the  difference  being 
commonly  about  one-third  of  an  inch,  and  rising  occasionally  to  three-quarters  of  an  inch.  The 
increased  development  is  probably  associated  with  the  greater  use  of  the  right  hand.  In  the  lower  limbs 
the  differences. are  not  so  marked,  and  the  excess  appears  to  be  more  frequently  on  the  left  side.  These 
differences  do  not  exist  at  birth.  (Grarson,  Journ,  Anat.,  xiii,  502;  Rollet,  op.  cit.  ;  Graupp,  “  Maass- 
und  Grewichts-  Di'fferenzen  zwischen  den  Knochen  der  rechten  und  linken  Extremitaten,”  Diss., 
Breslau,  1889.) 
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•extremity,  a  fibrous  band,  giving  origin  to  the  pronator  radii  teres  muscle,  descends  to  ‘  ’ 
internal  condyle,  and  through  the  arch  thus  formed  passes  the  median  nerve,  accompanied 
frequently  by  the  brachial  artery,  or  by  a  large  branch  rising  from  it.  This  process  represents 
•a  portion  of  the  bone  enclosing  a  foramen  in  many  animals.  (Struthers,  Edin.  Med.  Journ., 
1848 ;  Gruber,  Can.  supracond.  humeri,”  Mem.  Acad.  Imp.  St.  Petersburg,  1859.)  The  thin 
plate  between  the  olecranon  and  coronoid  fossae  is  sometimes  perforated,  forming  the  supra¬ 
trochlear  or  intercondylar  foramen . 


THE  ULNA. 

The  ulna  is  the  internal  of  the  two  bones  of  the  forearm,  and  is  longer  than  the 
radius  by  the  extent  of  the  olecranon  process.  It  is  inclined  downwards  and  out¬ 
wards  from  the  humerus  in  such  a  direction  that  a  straight  line  passing  from  the 
great  tuberosity  of  the  humerus  downwards  through  the  capitellum  would  touch  the 
lower  end  of  the  ulna. 

The  ulna  articulates  with  the  humerus  and  the  radius  :  in  the  natural  skeleton  it 
is  not  in  contact  with  the  carpal  bones,  being  excluded  from  the  wrist-joint  by  an 
interarticular  fibro-cartilage. 

The  superior  extremity  is  much  the  larger,  and  articulates  with  the  humerus 
by  means  of  the  great  sigmoid  cavity ,  which  looks  forwards  and  upwards,  and  is 
bounded  in  its  posterior  and  upper  part  by  the  olecranon ,  a  thick  process  continued 
upwards  from  the  shaft,  and  in  its  lower  part  by  the  coronoid  process  projecting 
forwards.  The  great  sigmoid  cavity  is  concave  from  above  downwards,  and  traversed 
by  a  longitudinal  ridge.  The  part  external  to  this  ridge  is  broad  and  convex  above, 
while  the  part  internal  to  the  ridge  is  concave  and  broader  below  :  a  slight 
constriction,  and  sometimes  a  groove  of  division,  occurs  across  the  middle  of  the 
cavity.  Continuous  with  the  great  is  the  small  sigmoid  cavity,  a  small  articular 
surface  on  the  outer  side  of  the  base  of  the  coronoid  process,  concave  from  before 
backwards,  for  the  reception  of  the  head  of  the  radius.  Superiorly,  the  olecranon  is 
broad  and  uneven,  terminating  in  front  in  an  acute  process  or  dealt,  which  overhangs 
the  great  sigmoid  cavity,  and  which  in  extension  of  the  elbow  passes  into  the 
olecranon  fossa  of  the  humerus,  and  behind  in  a  rectangular  prominence  or 
tuberosity ,  which  forms  the  point  of  the  elbow,  and  gives  attachment  to  the  triceps 
extensor  muscle.  The  posterior  surface  of  the  olecranon  is  subcutaneous  and 
continuous  with  the  posterior  margin  of  the  shaft  of  the  ulna.  The  extremity  of 
the  coronoid  process  is  sharp  and  prominent,  and  is  received  during  flexion  into  the 
coronoid  fossa  of  the  humerus  :  its  superior  surface  forms  part  of  the  surface  of  the 
great  sigmoid  cavity:  the  inferior  or  anterior  surface  rises  gradually  from  the  anterior 
surface  of  the  bone,  and  is  covered  by  a  large  triangular  roughness,  the  inner  part 
of  which,  together  with  the  tuberosity  of  the  ulna  at  the  lower  angle  of  the  surface, 
gives  insertion  to  the  tendon  of  the  brachialis  anticus  muscle. 

The  body  or  shaft  tapers  from  above  downwards,  and  in  the  upper  three-fourths 
of  its  extent  is  three-sided,  and  slightly  curved  with  the  convexity  backwards  ;  in 
the  lower  fourth  it  is  slender  and  more  cylindrical.  It  also  presents  a  lateral  curve, 
with  the  concavity  inwards  above,  outwards  below.  The  anterior  border,  continued 
downwards  from  the  inner  edge  of  the  coronoid  process,  is  thick  and  rounded.  The 
posterior  border  begins  a  little  below  the  olecranon  process  by  the  meeting  of  two 
lines  which  limit  the  triangular  subcutaneous  surface  of  the  upper  end  of  the  bone, 
and  runs  with  a  sinuous  course  to  the  back  of  the  styloid  process  :  it  is  smooth  and 
prominent  in  the  upper  two-thirds,  rounded  and  ill  defined  in  the  lower  third.  The 
external  border  is  in  the  middle  three-fifths  of  the  shaft  a  sharp  rough  edge  which 
gives  attachment  to  the  interosseous  membrane  ;  in  the  lower  fifth  it  is  only  a 
faintly  marked  line.  In  the  upper  fifth  this  border  is  continued  by  two  lines,  one 
passing  into  the  outer  margin  of  the  coronoid  process,  and  the  other  to  the  posterior 
extremity  of  the  small  sigmoid  cavity,  near  which  it  becomes  very  prominent  as  the 
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OLECRANON 


OLECRANON 


Fig.  94. — Anterior  view  oe  the  right  radius  and 
ulna  in  supination  of  the  hand.  (Drawn  by  T.  W.  P. 
Lawrence. )  § 


Fig.  95. —Right  ulna:  postero-ex~ 
ternal  view.  (Drawn  by  T.  W.  P. 
Lawrence.)  § 
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supinator  ridge ,  giving  origin  to  a  part  of  the  supinator  brevis  muscle.  Between 
these  lines,  and  below  the  small  sigmoid  cavity,  is  a  triangular  hollow,  the  fore  part 
of  which  lodges  the  tuberosity  of  the  radius  with  the  insertion  of  the  biceps  tendon  in 
pronation  of  the  hand,  while  in  the  hinder  part  fibres  of  the  supinator  brevis  arise. 
The  anterior  surface  is  concave  in  the  upper  two-thirds,  where  the  flexor  profundus 
digitorum  muscle  takes  origin,  and  in  its  lower  third  is  marked  by  an  oblique  line — 
the  pronator  ridge ,  which  joins  the  anterior  border  and  limits  the  attachment  of  the 
pronator  quadratus.  Above  the  middle  is  a  foramen  for  the  medullary  artery, 
directed  upwards.  The  internal  surface  is  smooth  and  convex,  in  the  upper  two- 
thirds  giving  attachment  to  the  flexor  profundus  muscle,  in  the  lower  third 
subcutaneous.  The  posterior  surface ,  more  uneven,  looks  outwards  and  backwards  ; 
an  indistinct  oblique  line,  descending  from  the  supinator  ridge  to  the  posterior 
border  at  the  junction  of  the  upper  and  middle  thirds  of  the  shaft,  limits  a  trian¬ 
gular  area,  which  extends  over  the  outer  side  of  the  olecranon  and  gives  attachment 
to  the  anconeus  muscle  ;  below  this  a  longitudinal  ridge  divides  the  surface  into 
an  inner  portion,  smooth,  and  covered  by  the 
extensor  carpi  ulnaris,  and  an  outer  part, 
more  irregular,  and  impressed  by  the  ex¬ 
tensor  muscles  of  the  thumb  and  index 
fingers. 

The  inferior  extremity  presents  a 
rounded  head,  from  the  inner  and  back 
part  of  which  a  short  cylindrical  eminence, 
the  styloid  process,  projects  downwards, 
giving  attachment  in  front  and  below  to 
the  internal  lateral  ligament  of  the  wrist- 
joint,  and  externally  to  the  triangular  fibro- 
cartilage.  The  head  bears  two  articular 
surfaces,  an  inferior,  semilunar  and  flat¬ 
tened,  upon  which  the  triangular  fibro-cartilage  of  the  wrist  plays  ;  and  a  lateral, 
narrow  and  convex,  which  is  received  into  the  sigmoid  cavity  of  the  radius. 
The  head  and  the  styloid  process  are  separated  posteriorly  by  a  groove,  which  is 
traversed  by  the  tendon  of  the  extensor  carpi  ulnaris  ;  and  interiorly  by  a  depres¬ 
sion,  into  which  also  the  triangular  fibro-cartilage  is  inserted. 

The  ulna  is  placed  in  its  whole  length  under  the  skin  at  the  back  of  the  forearm. 
The  subcutaneous  tract  comprises  the  triangular  surface  on  the  back  of  the 
olecranon,  the  posterior  border  of  the  shaft,  which  lies  at  the  bottom  of  a  longi¬ 
tudinal  groove  between  the  flexor  and  extensor  muscles,  and,  in  the  lower  third,  a 
narrow  strip  of  the  internal  surface  leading  down  to  the  styloid  process  :  the  latter 
projects  in  the  supine  position  of  the  hand  at  the  inner  and  posterior  part  of  the 
wrist  ;  but  when  the  hand  is  pronated,  the  outer  and  fore  part  of  the  head  of  the 
ulna  becomes  superficial  and  prominent  between  the  tendons  of  the  extensor  carpi 
ulnaris  and  extensor  minimi  digiti  muscles. 


Fig.  96. — Transverse  section  through  the 

MIDDLE  OP  THE  BONES  OP  THE  FOREARM, 
WITH  THE  INTEROSSEOUS  MEMBRANE,  IN 
SUPINATION.  (Gr.  D.  T.)  | 


THE  RADIUS.1 

The  radius  is  the  external  of  the  two  bones  of  the  forearm,  and  extends  from 
the  humerus  to  the  carpus.  It  articulates  with  the  humerus,  the  ulna,  and  the 
scaphoid  and  lunar  bones  of  the  carpus. 

The  superior  extremity  or  head,  is  disc-shaped,  with  a  smooth  vertical 

1  In  anatomical  description  the  forearm  is  supposed  to  be  placed  in  supination,  with  the  thumb 
directed  outwards  and  the  palm  of  the  hand  looking  forwards. 
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margin.  It  presents  on  its  summit  a  depression,  which  articulates  with  the 
capitellum  of  the  humerus,  and  is  surrounded  by  a  convex  part,  broadest  internally 

where  it  glides  upon  the  groove  internal  to 
the  capitellum.  The  smooth,  short,  cylin¬ 
drical  surface  of  the  vertical  margin,  likewise 
broadest  internally,  rotates  in  the  small  sig¬ 
moid  cavity  of  the  ulna,  and  within  the 
orbicular  ligament.  The  head  is  supported 
on  a  constricted  portion,  named  the  neck. 

The  shaft  or  body  is  larger  below  than 
above,  and  slightly  curved,  with  the  convexity 
directed  outwards  and  backwards.  On  its 
antero-internal  aspect  superiorly,  where  it  is 
continuous  with  the  neck,  is  the  bicipital 
tuberosity ,  to  the  posterior  rough  portion  of 
which  is  attached  the  tendon  of  the  biceps 
muscle.  Below  the  bicipital  tuberosity  the 
shaft  has  three  surfaces,  of  which  the  external 
is  only  indistinctly  marked  off  from  the  others 
by  smooth,  rounded  anterior  and  posterior 
borders,  while  the  anterior  and  posterior  sur¬ 
faces  are  separated  in  their  middle  three- 
fifths  by  a  sharp,  prominent  internal  border 
which  gives  attachment  to  the  interosseous 
membrane.  The  anterior  surface  is  limited 
above  by  the  prominent  anterior  oblique  line , 
running  from  the  lower  part  of  the  tube¬ 
rosity  downwards  and  outwards  to  form  the 
anterior  border,  and  giving  origin  to  a  part 
of  the  flexor  sublimis  digitorum  ;  below  this 
the  surface  is  grooved  longitudinally  for  the 
flexor  longus  pollicis  muscle  ;  and  at  the 
lower  end  it  is  expanded,  and  presents  a 
flattened  impression  for  the  insertion  of  the 
pronator  quadratus,  which  also  occupies  a 
small  triangular  surface  on  the  inner  side  ol 
the  bone  in  its  lower  fifth  :  above  the  middle 
of  the  anterior  surface  is  the  foramen  for  the 
medullary  artery,  directed  upwards  into  the 
bone.  Th e  posterior  surface  is  marked  at  the 
junction  of  its  upper  and  middle  thirds  by 
the  posterior  oblique  line,  which  limits  supe¬ 
riorly  the  impression  of  the  extensor  ossis 
metacarpi  pollicis  ;  below  this  is  another 
small  oblique  impression  for  the  extensor 
brevis  pollicis.  The  external  surface  is  convex 
Fig.  97. — Right  radius  :  posterior  view,  transversely  as  well  as  longitudinally,  and  is 

(Drawn  by  T.  W.  P.  Lawrence.)  §  marked  near  the  middle,  at  its  most  prominent 

part,  by  a  rough  impression  for  the  insertion 
of  the  pronator  teres.  Above  this,  the  area  between  the  anterior  and  posterior 
oblique  lines  gives  insertion  to  the  supinator  brevis. 

The  lower  extremity  of  the  radius,  broad  and  thick,  presents  inferiorly  a 
large  surface  which  articulates  with  the  carpus,  and  internally  a  small  one  which 
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•articulates  with  the  ulna.  The  carpal  articular  surface,  concave  and  oblique,  is 
■divided  by  a  line  into  a  quadrilateral  internal  part  which  articulates  with  the  lunar 
bone,  and  a  triangular  external  part  which  articulates  with  the  scaphoid  bone.  The 
ulnar  articular  surface  is  placed  at  a  right  angle  with  the  inferior  surface,  and  is 
concave  from  before  backwards,  forming  the  sigmoid  cavity,  which  plays  over  the 
rounded  head  of  the  ulna.  To  the  smooth  border  between  the  carpal  and  ulnar 
articular  surfaces  the  base  of  the  triangular  fibro-cartilage  is  attached.  At  the  outer 
part  of  the  inferior  extremity  the  styloid  process  projects  downwards,  stout  and 
pyramidal,  giving  attachment  to  the  external  lateral  ligament  of  the  wrist-joint. 
The  posterior  border  of  the  lower  articular  surface  descends  farther  than  the  anterior, 
and  is  roughened  for  ligamentous  attachment.  Anteriorly,  a  prominent  transverse 
ridge  forms  the  lower  limit  of  the  impression  of  the  pronator  quadratus,  and  between 
this  and  the  scaphoid  articular  facet  is  a  small  triangular  area  occupied  by  a  strong 
part  of  the  anterior  ligament  of  the  wrist-joint.  On  its  external  and  posterior 
aspects  the  inferior  extremity  of  the  radius  is  marked  by  grooves,  which  transmit 
the  extensor  tendons.  Thus,  on  the  external  border  is  a  flat  groove  directed  down¬ 
wards  and  forwards,  which  lodges  the 
extensor  ossis  metacarpi  and  extensor 
brevis  pollicis  ;  and  on  the  posterior 
surface  are  three  grooves,  the  middle 
one  of  which,  oblique  and  narrow,  and 
bounded  externally  by  a  prominent 
tubercle,  lodges  the  extensor  longus 
pollicis  ;  while  of  the  two  others, 
which  are  broad  and  shallow,  the 
external,  subdivided  by  a  slight  ele¬ 
vation,  gives  passage  to  the  extensor 
carpi  radialis  longior  and  brevior, 
and  the  internal  transmits  the  ex¬ 
tensor  communis  digitorum  and 
extensor  indicis.  Immediately  above 
the  first  mentioned  groove  on  the  outer  side  is  a  small  triangular  mark,  into  which 
the  tendon  of  the  supinator  longus  is  inserted. 

The  outermost  groove  is  separated  anteriorly  from  the  impression  of  the  pronator  quadratus 
by  a  prominent  edge  which  is  continued  upwards  from  the  transverse  lidge  of  the  front  of 
the  lower  extremity,  and  to  which  the  posterior  annular  ligament  is  attached,  while  posteriorly 
it  is  limited  by  a  less  marked  elevation  descending  on  the  back  of  the  styloid  process.  The 
groove  of  the  extensor  longus  pollicis  is  bounded  externally  by  the  tubercle,  internally  by  a 
small,  often  indistinct,  ridge  ;  and  a  sharp  border  projects  between  the  innermost  groove  and 
the  sigmoid  cavity.  The  several  prominences  give  attachment  to  fibrous  septa,  which  with 
the  annular  ligament  convert  the  grooves  into  canals  for  the  passage  of  the  tendons. 

The  radius  is  for  the  most  part  deeply  placed.  The  head  and  shaft  are  entirely 
covered  by  muscles.  At  the  lower  end  the  styloid  process  comes  to  the  surface 
between  the  tendons  of  the  extensor  muscles  of  the  thumb  and  forms  a  projection  on 
the  outer  side  of  the  wrist,  lower  down  than  the  styloid  process  of  the  ulna  :  the 
tubercle  on  the  back  of  the  lower  end  of  the  bone  may  also  be  readily  felt  beneath 
the  skin. 

The  relative  length  of  the  forearm  to  the  arm  is  expressed  by  the  liumero-radial  or  anti- 

brachial  indexO^^1  0^.Ta(^us  *  the  range  of  variation  of  which  in  man  and  the 

V  length  of  humerus  / 

anthropoid  apes  is  shown  by  the  following  examples,  viz. — Eskimo,  71  ;  European,  74  ; 
Australian,  77  ;  Negro,  79  ;  Andamanese,  81  ;  gorilla,  80 ;  chimpanzee,  90  ;  and  orang,  100. 
The  index  is  higher  in  the  foetus  and  infant,  and  diminishes  during  the  period  of  growth. 

h  2 


Fig.  98. — Lower  extremities  op  right  radius  and 
ulna,  in  supination,  from  below.  (Drawn  by 
T.  W.  P.  Lawrence.)  | 

The  dorsal  surface  is  uppermost. 
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THE  CARPUS. 

The  carpus  is  composed  of  eight  short  bones,  which  are  disposed  in  two  rows, 
four  in  each.  Enumerated  frofei  the  radial  to  the  ulnar  side,  the  bones  which  con¬ 
stitute  the  first  or  superior  row  are  named  scaphoid,  lunar,  pyramidal,  and  pisiform , 
those  of  the  second  or  inferior  row  are  the  trapezium,  trapezoid,  os  magnum,  and 
unciform. 

The  dorsal  surface  of  the  carpus  is  convex,  the  palmar  is  concave  from  side  t? 
side,  the  concavity  being  bounded  by  four  prominences,  one  at  the  outer  and  one  a-_ 

A  B 


2 

3 


Fig.  99.— The  bones  of  the  right  hand:  A,  from  before;  B,  from  behind.  (Allen  Thomson. )  £ 

s,  scaphoid  ;  l,  lunar  ;  c,  pyramidal  ;  p,  pisiform  ;  t,  trapezium  ;  next  to  it  the  trapezoid,  and  then 
the  os  magnum,  both  not  lettered  ;  u,  unciform. 

I  to  V,  the  metacarpal  bones ;  1,  3,  first  and  second  phalanges  of  the  thumb  ;  1,  2,  3,  the  first, 
second,  and  third  phalanges  of  the  little  finger,  and  similarly  for  the  other  three  fingers,  not  marked; 
one  of  the  sesamoid  bones  of  the  thumb  seen  sideways. 

die  inner  extremity  of  each  row.  The  anterior  annular  ligament  is  stretched  across 
between  these  prominences,  so  far  as  to  form  a  canal  for  the  transmission  of  the 
flexor  tendons. 

The  superior  surfaces  of  the  scaphoid,  lunar,  and  pyramidal  bones  form,  when  in 
apposition,  a  continuous  convexity  which  corresponds  with  the  concavity  presented 

Fig.  100. — Semi-diagrammatic  view  of  the  right  carpus 

AND  PART  OF  THE  METACARPAL  BONES,  FROM  BEFORE, 
THE  CARPAL  BONES  BEING  SLIGHTLY  SEPARATED  TO  SHOW 
THE  MODE  OF  THEIR  CONNECTION  WITH  EACH  OTHER. 

(Allen  Thomson. )  § 

1,  scaphoid  bone;  2,  lunar;  3,  pyramidal;  4,  pisiform; 
5,  trapezium,  the  figure  is  placed  upon  the  ridge,  to  the 
inside  of  which  is  the  groove  for  the  tendon  of  the  flexor 
carpi  radialis ;  6,  trapezoid ;  7,  os  magnum ;  8,  unciform, 
the  figure  is  placed  on  the  unciform  process.  The  articula¬ 
tion  of  the  fourth  metacarpal  bone  with  the  os  magnum  is 
represented  somewhat  too  large. 


by  the  radius  and  the  triangular  fibro-cartilage,  while  the  pisiform  bone  is  attached 
in  front  of  the  pyramidal,  with  which  alone  it  articulates.  The  line  of  articulation 
between  the  superior  and  inferior  rows  is  concavo-convex  from  side  to  side,  the 
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Fig.  101. — Right  scaphoid  bone  :  A,  from  outer  side 
B,  FROM  BEFORE  AND  INNER  SIDE.  (Gr.  D.  T.  ' 


AND  BEHIND 


trapezium,  trapezoid  and  os  magnum  bounding  a  cavity  which  lodges  the  external  part 
of  the  scaphoid,  and  the  os  magnum  and  unciform  rising  up  in  a  convexity,  which  is 
received  into  a  hollow  formed  by  the  scaphoid,  lunar,  and  pyramidal  bones. 

The  scaphoid  hone,  the  largest  and  most  external  of  the  first  row,  lies  with  its 
long  axis  directed  outwards  and  downwards.  It  has  a  concave  surface,  which  looks 
downwards  and  inwards,  and 
articulates  with  the  os  magnum  ; 
on  the  opposite  side  are  two 
convex  articular  surfaces,  an 
upper  for  the  radius,  and  a 
lower  for  the  trapezium  and 
trapezoid  bones  of  the  second 
row  ;  these  approach  so  near  to 
one  another  behind,  that  the 
dorsal  free  surface  is  reduced  to 
a  narrow  grooved  transverse 
strip,  to  which  the  posterior  liga¬ 
ments  of  the  wrist  are  attached.  At  the  inner  extremity  is  a  small  crescentic 
surface  for  articulation  with  the  lunar  bone  ;  while  the  outer  end  is  produced 
into  a  stout  conical  tuberosity ,  which  projects  forwards  and  gives  attachment  to  the 
annular  ligament.  The  scaphoid  articulates  with  five  bones,  viz.,  the  radius,  lunar, 
trapezium,  trapezoid,  and  os  magnum. 

The  lunar  bone  ( semilunar ),  irregularly  cubic,  is  characterized  by  the  deep 
concavity  from  before  backwards  of  its  inferior  surface,  which  rests  on  the  head  of 
the  os  magnum,  and  commonly  also  by  a  bevelled  edge 
slightly  on  the  unciform  bone.  Its  external  surface  is 
crescentic  and  vertical,  and  articulates  with  the  scaphoid 
bone  :  its  internal  surface  looks  downwards  and  inwards, 
is  much  deeper  and  narrower  than  the  external,  and 
articulates  with  the  pyramidal.  The  convex  superior 
surface,  which  articulates  with  the  radius,  extends  like 
that  of  the  scaphoid  farther  backwards  than  forwards, 
and  hence  the  anterior  free  surface  is  deeper  than 
the  posterior.  The  lunar  articulates  with  five  bones, 
viz.,  the  radius,  scaphoid,  pyramidal,  os  magnum,  and 
unciform. 

The  pyramidal  bone  ( cuneiform )  is  situated  with 
its  blunted  apex  directed  downwards  and  inwards  :  the 
base  has  the  shape  of  a  half-oval,  and  articulates 
with  the  lunar  bone.  There  are  three  surfaces :  the 
inferior,  concavo-convex  from  without  inwards,  articu- 
iates  with  the  unciform  bone  ;  the  anterior  is  dis¬ 
tinguished  by  having  a  smooth  circular  facet  on  its 
inner  half  for  articulation  with  the  pisiform  bone ;  and 
the  supero-posterior  presents  at  the  base  a  small  articular 
facet  entering  the  wrist- joint,  but  is  for  the  most  part 
rough  for  the  attachment  of  ligaments.  The  pyramidal 
articulates  with  three  bones,  viz.,  the  lunar,  pisiform,  and 
unciform. 

The  pisiform  bone  lies  on  a  plane  anterior  to  the 
other  bones  of  the  carpus.  In  form  it  is  spheroidal,  with  ^  Right  pisiform 

its  longest  diameter  directed  vertically.  On  its  posterior  1|‘0NE?  t^oute^sade 

aspect  is  an  oval  articular  surface  for  the  pyramidal  and  behind.  (G  d  T.) 


Fig.  102. — Right  lunar 

BONE,  FROM  THE  INNER 
SIDE  AND  BELOW  (Gr. 

D.  T.) 


Fig.  103. — Right  pyramidal 

BONE,  FROM  BEFORE  AND 
OUTER  SIDE.  (Gr.  D.  T.) 
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bone  :  this  surface  does  not  extend  the  whole  length  of  the  pisiform  bone,  but 
leaves  a  small  free  projecting  portion  below.  The  inner  side  of  the  bone  is 
generally  convex  and  somewhat  rough.  The  outer  side  is  smoother  and  slightly 
concave. 

The  trapezium  is  the  most  external  of  the  second  row  of  carpal  bones.  It 
presents  a  rhombic  form  when  seen  in  its  dorsal  or  palmar  aspect,  but  with  the 
lower  angle  much  produced  and  truncated.  Its  anterior  surface  is  marked  by  a 
vertical  groove  traversed  by  the  tendon  of  the  flexor  carpi  radialis  muscle,  and 
externally  to  the  groove  by  a  ridge  or  tuberosity ,  one  of 
the  four  prominences  which  give  attachment  to  the  an¬ 
terior  annular  ligament.  Of  the  internal  sides  of  the 
rhomb,  the  superior  articulates  with  the  scaphoid  and 
the  inferior  with  the  trapezoid  ;  while  a  small  facet 
on  the  prominent  lower  angle  is  for  the  second  meta¬ 
carpal  bone.  Of  the  external  sides,  the  superior  is  free,, 
and  the  inferior  presents  a  smooth  surface,  convex  from 
behind  forwards,  and  concave  from  without  inwards,, 
which  articulates  with  the  metacarpal  bone  of  the  thumb, 
and  is  separated  by  a  small  interval  from  the  surface 
for  the  second  metacarpal  bone.  The  trapezium  articu¬ 
lates  with  four  bones,  viz.,  the  scaphoid,  trapezoid,, 
and  first  and  second  metacarpals. 

The  trapezoid  bone  is  considerably  smaller  than 
the  trapezium.  Its  longest  diameter  is  from  before 
backwards.  Its  posterior  free  surface  is  much  larger 
than  the  anterior.  The  external  inferior  angle  of  the 
anterior  surface  is  distinguished  by  being  prolonged  a 
little  backwards  between  the  articular  surfaces  for  the 
trapezium  and  second  metacarpal  bone.  The  superior 
surface  articulates  with  the  scaphoid  ;  the  external  with 
the  trapezium ;  the  internal  with  the  os  magnum  ; 
and  the  inferior  by  a  large  surface  convex  from  side  to 
side  with  the  second  metacarpal  bone.  The  trapezoid  articulates  with  four  bones* 
viz.,  the  scaphoid,  trapezium,  os  magnum,  and  second  metacarpal  bone. 

The  os  magnum  is  the  largest  of  the  carpal  bones.  In  form  it  is  elongated 
vertically,  nearly  rectangular  below,  rounded  above.  The  upper  extremity  or  head 

articulates  superiorly  with  the  lunar 
bone  by  a  convex  surface,  extending 
farther  down  behind  than  in  front, 
and  prolonged  on  the  outer  side  for 
the  scaphoid.  A  neck  is  formed 
beneath  by  depressions  on  the  an¬ 
terior  and  posterior  surfaces.  The 
anterior  surface  of  the  bone  is  much 
narrower  than  the  posterior.  The 
posterior  surface  projeots  downwards 
at  its  internal  inferior  angle.  On 
the  outer  side,  below  the  surface 
for  the  scaphoid,  is  a  short  surface 
for  the  trapezoid  bone  ;  and  on  the 
Inner  side  is  a  vertically  elongated  surface  which  articulates  with  the  unciform  bone, 
inferiorly,  this  bone  articulates  by  three  distinct  surfaces,  of  which  the  middle  is 
much  the  largest,  with  the  second,  third,  and  fourth  metacarpal  bones.  The  os 


Fig.  107. — Right  os  magnum  :  A,  inner  view; 

,  B,  OUTER  VIEW.  (Gi.  D.  T.) 


RIDGE 


Fig.  105. — Right  trapezium, 
prom  before,  ((x.  D.  T.) 


Fig.  106. — Right  trapezoid 

BONE  :  PALMAR  ASPECT. 

(Gi.  D.  T.) 
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magnum  articulates  with  seven  bones,  viz.,  the  scaphoid,  lunar,  trapezoid,  unciform, 
and  second,  third,  and  fourth  metacarpal  bones. 

The  unciform  bone  is  readily  distinguished  by  the  large  hook-like  process, 
projecting  forwards  and  curved  slightly  outwards,  on 
its  anterior  surface.  Seen  from  the  front  or  behind, 
it  has  a  triangular  form.  Its  external  surface  is 
vertical,  and  articulates  with  the  os  magnum  ;  its 
inferior  surface  is  divided  into  two  facets  which 
articulate  with  the  fourth  and  fifth  metacarpal 
bones  ;  its  superior  surface,  meeting  the  pyramidal 
is  concavo-convex,  inclines  upwards  and  outwards 
towards  the  head  of  the  os  magnum,  and  is  separated 
internally  by  a  rough  border  from  the  inferior  surface. 

At  the  upper  angle,  externally,  there  is  usually  a 
narrow  facet  which  touches  the  lunar  bone.  The 
unciform  articulates  with  five  bones,  viz.,  the  os  magnum,  lunar,  pyramidal,  and 
fourth  and  fifth  metacarpal  bones. 

Varieties. — An  increase  in  the  number  of  carpal  bones  is  occasionally  met  with.  This 
may  arise  from  the  division  of  one  of  the  normal  bones,  as  has  been  seen  in  the  case  of  the 
scaphoid,  lunar,  trapezoid,  and  magnum  ;  or  it  may  be  due  to  the  persistence  of  an  additional 
element,  the  os  centrale ,  which  is  placed  on  the  dorsal  aspect  of  the  hand  between  the  scaphoid, 
magnum  and  trapezoid,  and  which  is  normally  present  as  a  cartilaginous  rudiment  in  the 
foetus  (p.  143).  Another  form  of  supernumerary  ossicle  results  from  the  separation  of  the 
styloid  process  of  the  third  metacarpal  bone.  (W.  G-ruber,  “  Ueber  das  Os  centrale  Carpi  des 
Menschen,”  1883  ;  Leboucq,  “  De  l’augmentation  numerique  des  os  du  carpe  humain,”  Ann. 
de  la  Soc.  de  Med.  de  Gand,  1884.) 


Fig.  108.  —  Right  unciform 

BONE,  FROM  THE  OUTER  SIDE 
AND  BELOW.  (G.  D.  T. } 


THE  METACARPUS. 

The  metacarpus,  the  part  of  the  hand  supporting  the  fingers,  consists  of  five 
long  bones,  which  diverge  slightly  from  each  other,  and  are  numbered  from- 
without  inwards. 

The  metacarpal  bones  are  placed  in  a  segment  of  an  arch  transversely,  and  being 
at  the  same  time  slightly  curved  longitudinally,  they  present  a  concavity  directed 
forwards.  They  are  terminated  at  their  carpal  extremities  by  expanded  bases  of 
different  forms,  and  at  the  digital  ends  by  large  rounded  heads.  The  first  meta¬ 
carpal  bone  is  broader  and  shorter  than  the  others.  The  second  is  the  longest  of 
all,  the  third,  fourth,  and  fifth  decrease  regularly  in  length,  according  to  their 
position  from  without  inwards. 

The  shaft  of  the  first  metacarpal  bone  is  somewhat  compressed  from  before 
backwards  ;  the  dorsal  surface  is  slightly  convex  ;  on  the  palmar  aspect  is  a  rounded 
longitudinal  ridge,  placed  nearer  to  the  inner  than  the  outer  border.  The  shafts  of 
the  others  are  three-sided,  presenting  a  surface  towards  the  back  of  the  hand,  and 
towards  the  palm  a  smooth  margin  between  the  two  lateral  surfaces.  They  are  most 
slender  near  the  carpal  extremity,  and  become  gradually  thicker  towards  the  head. 
The  dorsal  surface  of  each  is  triangular,  being  bounded  by  lines  which,  proceeding 
from  the  sides  of  the  head,  pass  upwards  and  converge  in  the  second,  third,  and 
fourth  metacarpal  bones  opposite  the  middle  of  the  carpal  extremity,  and  in  the  fifth 
towards  its  inner  side. 

The  heads  articulate  with  the  proximal  phalanges.  Their  smooth,  rounded 
surfaces  are  broader,  and  extend  farther,  on  the  palmar  than  on  the  dorsal  aspect 
of  the  bones  ;  and  on  each  side  is  a  tubercle  with  a  hollow  below  it  for  the  attach¬ 
ment  of  the  lateral  ligament. 
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The  carpal  extremity  presents  distinctive  peculiarities  in  each  metacarpal  bone. 
That  of  the  first  has  a  saddle-shaped  articular  surface,  concave  from  before  back¬ 
wards,  and  convex  from  side  to  side,  for  articulation  with  the  trapezium,  and 


TRAPM. 


PHALANGEAL 

ARTIC.SURF. 


Fig.  109.— First  metacarpal 

BONE  OE  THE  RIGHT  HAND  : 
PALMAR  ASPECT.  (Gr.  D.  T. 


MAC. 


Fig.  110. — Second  metacarpal 

BONE  OF  THE  RIGHT  HAND  : 
PALMAR  ASPECT.  (Gr.  D.  T.  ) 


Fig.  111. — Third  metacarpal 

BONE  OF  THE  RIGHT  HAND, 
FROM  BEHIND.  (Gr.  D.  T.) 


Fig. 


112. — Fourth  metacarpal  bone  of 

THE  RIGHT  HAND  *.  RADIAL  SIDE. 


(a.  d.  t. 


Fig. 


113. —Fifth  metacarpal  bone  of 

THE  RIGHT  HAND  :  DORSAL  ASPECT. 


(GK  D.  T.) 


externally  a  slight  prominence,  to  which  the  extensor  ossis  metacarpi  pollicis  is 
attached.  The  second  is  notched  to  receive  the  trapezoid  bone ;  on  the 
radial  side,  is  a  small  facet  for  the  trapezium  ;  the  more  prominent  ulnar  lip 
articulates  superiorly  by  a  narrow  surface  with  the  os  magnum,  and  internally  with 
the  third  metacarpal  bone  ;  and  posteriorly,  close  to  the  articulation  with  the 
trapezium,  is  a  rounded  mark  where  the  extensor  carpi  radialis  longior  is  inserted. 
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The  third  bone  articulates  above  with  the  os  magnum,  and  on  the  sides  with  the 
contiguous  metacarpal  bones  ;  at  its  posterior  and  outer  angle  it  forms  a  projection 
upwards,  styloid  process,  immediately  below  which,  on  the  dorsal  aspect,  is  an  im¬ 
pression  for  the  insertion  of  the  extensor  carpi  radialis  brevior.  The  fourth 
articulates  principally  with  the  unciform  bone  above,  but  also  by  a  small  facet  at 
the  posterior  and  outer  corner  with  the  os  magnum  :  on  its  radial  side  are  two 
small  rounded  facets,  and  on  the  ulnar  side  a  slightly  concave  semi- elliptical  surface, 
for  articulation  with  the  adjacent  metacarpal  bones.  The  fifth  articulates  above 
with  the  unciform  bone  by  means  of  a  saddle-shaped  surface  directed  slightly 
outwards,  and  externally  with  the  fourth  metacarpal  bone  ; 
while  on  its  ulnar  side  there  is  a  broad  tuberosity  for  the 
insertion  of  the  extensor  carpi  ulnaris. 


THE  DIGITAL  PHALANGES. 

The  phalanges  ( internodia )  are  fourteen  in  number,  three 
for  each  finger,  but  only  two  for  the  thumb. 

Those  of  the  first  row  are  slightly  curved  like  the  meta¬ 
carpal  bones.  Their  dorsal  surfaces  are  smooth  and  transversely 
convex  ;  the  palmar  are  flat  from  side  to  side,  and  bounded  by 
rough  margins,  which  give  insertion  to  the  fibrous  sheaths  of 
the  flexor  tendons.  Their  proximal  extremities  are  thick,  and 
•articulate  each  by  a  transversely  oval  concave  surface  with 
the  corresponding  metacarpal  bone.  Their  distal  extremities, 
•smaller  and  more  compressed  antero-posteriorly,  are  divided  by 
a  shallow  groove  into  two  condyles. 

Those  of  the  middle  roiu  are  four  in  number.  Smaller 
than  those  of  the  preceding  set,  they  resemble  them  in  form, 
with  this  difference,  that  their  proximal  extremities  present,  on 
the  articular  surface,  a  slight  middle  elevation  and  two  lateral 
depressions,  adapted  to  articulate  with  the  condyles  of  the  first 
phalanges. 

The  terminal  or  ungual  phalanges,  five  in  number,  have 
proximal  extremities  similar  to  those  of  the  middle  row,  but  with 
a  depression  in  front,  where  the  deep  flexor  tendon  is  inserted. 
They  taper  towards  their  somewhat  flattened  and  expanded  free 
•extremities,  which  are  rough  and  raised  round  the  margins  and 
upon  the  palmar  aspect  in  the  so-called  ungual  process. 


g.  114. — The  pha¬ 
langes  OP  THE  MID¬ 
DLE  FINGER:  PALMAR 
ASPECT.  (G.  D.  T.) 


In  each  digit  the  proximal  phalanx  is  the  longest,  and  the  distal 
phalanx  the  shortest.  Collectively,  the  phalanges  of  the  middle  finger 
are  the  longest ;  then  follow  in  order,  the  ring,  the  index,  and  the 

little  fingers,  and  lastly  the  thumb.  The  greater  prominence  of  the  index  in  relation  to  the 
ring  finger,  which  is  observed  sometimes  in  the  complete  hand,  is  due  entirely  to  the  length 
of  the  metacarpal  bone  (Braune  and  Fischer,  Arch.  f.  Anat.,  1887). 


Sesamoid  bones. — A  pair  of  sesamoid  bones  is  placed  in  the  palmar  wall  of  the 
metacarpo-phalangeal  articulation  of  the  thumb  ;  and  similar  nodules,  single  or 
double,  are  sometimes  found  in  the  corresponding  joint  of  one  or  more  of  the  other 
fingers,  most  frequently  of  the  index  and  little  fingers. 
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OSSIFICATION  OF  THE  BONES  OF  THE  UPPER  LIMB. 

With  the  exception  of  the  clavicle,  all  the  bones  of  the  upper  limb  begin  to  ossify  in 
cartilage 

The  clavicle  begins  to  ossify  before  any  other  bone  in  the  body.  Its  ossification  com¬ 
mences  before  the  deposition  of  cartilage  in  connection  with  it,  but  afterwards  progresses  in 
cartilage  at  both  ends,  as  well  as  in  fibrous  substance.  It  is  formed  from  one  principal 

Fig.  115. — Ossification  of  the  clavicle.  (R.  Quain.) 

a,  the  clavicle  of  a  foetus  at  birth,  osseous  in  the  shaft,  1, 
and  cartilaginous  at  both  ends. 

b,  clavicle  of  a  man  of  about  twenty-three  years  of  age; 
the  shaft,  1,  fully  ossified  at  the  acromial  end;  the  sternal 
epiphysis,  2,  is  represented  rather  thicker  than  natural. 


centre,  appearing  about  the  6th  week,  to  which  is  added  an  epiphysis  at  the  sternal  end. 
The  epiphysis  appears  from  the  18th  to  the  20th  year,  and  is  united  to  the  shaft  about  the 
25th  year. 

The  scapula  is  ossified  in  two  principal  pieces,  one  forming  the  body  or  scapula  proper,  and 
the  other  the  coracoid  process,  which  is  generally  regarded  as  representing  the  independent 


Fig.  116. — Ossification  of  the  scapula.  (R.  Quain.) 

1,  scapula  proper,  including  the  body  and  spine ;  2,  coracoid  ossification ;  3,  5,  nuclei  of  acromion  -r 
4,  epiphysis  at  the  lower  angle  ;  6,  epiphysis  on  vertebral  border. 

In  A,  ossification  has  commenced  in  the  coracoid  process.  In  B  the  coracoid  process  (represented  as- 
too  little  ossified  in  the  figure)  is  now  partially  united  at  its  base,  and  centres  have  appeared  in  the 
acromion  and  at  the  lower  angle.  In  C,  a  second  point  has  appeared  in  the  acromion,  and  a  long 
epiphysis  on  the  vertebral  border.  In  D,  the  acromion,  and  the  epiphysis  of  the  vertebral  border  are 
still  separate. 


and  often  largely  developed  coracoid  bone  of  the  monotremata  and  lower  vertebrates.  The 
centre  of  the  body  appears  near  the  head,  about  the  7th  or  8th  week,  and  gives  rise  to  a 
triangular  plate  of  bone,  towards  the  upper  margin  of  which,  about  the  3rd  month,  the  spine 
appears  as  a  slight  ridge.  At  birth,  the  coracoid  and  acromion  processes,  the  base  and  inferior 
angle,  the  edges  of  the  spine  and  of  the  glenoid  cavity  are  cartilaginous.  The  greater  part  of 
the  coracoid  process  is  formed  from  a  centre  which  appears  in  the  first  year,  but  a  small  part 
at  the  base  of  the  process,  including  the  upper  extremity  of  the  glenoid  cavity,  is  a  separate 
ossification  {subcoracoid),  commencing  about  the  tenth  year.1  The  coracoid  process  joins  the 
body  about  the  age  of  puberty,  and  at  this  time  epiphyses  make  their  appearance.  In  the 
acromion  two,  sometimes  three,  nuclei  appear  between  the  14th  and  16th  years;  they  soon 
coalesce,  and  the  resulting  epiphysis  is  united  to  the  spine  from  the  22nd  to  the  25th  year. 
The  cartilage  of  the  base,  which  it  may  be  noticed  corresponds  to  a  more  largely  developed 

1  It  is  believed  by  some  anatomists  that  tbe  subcoracoid  ossification  is  the  true  coracoid  element  of 
the  shoulder-girdle,  and  that  the  coracoid  process  represents  the  precoracoid  of  reptiles  (Sabatier)  or  the 
epicoracoid  of  monotremes  (Howes). 
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permanent  cartilage  or  bone,  suprascapular,  found  in  many  animals,  becomes  the  seat  of 
ossification  about  the  16th  to  the  18th  year,  by  the  appearance  of  a  nucleus  at  the  inferior 
angle,  and  thereafter  of  a  line  of  osseous  deposit  extending  upwards  throughout  its  length.  A. 


Fig.  11 7. — Posterior  aspect  of  the  sternum 

AND  RIGHT  SHOULDER-GIRDLE  FROM  A 
FOETUS  OF  ABOUT  FOUR  MONTHS.  (Flower 
after  Parker. )  1^ 

The  dotted  parts  are  cartilaginous;  ost, 
omosternum  of  Parker,  lateral  part  of  epi- 
sternum  of  Gegenbaur,  afterwards  becoming 
the  interarticular  fibro-cartilage  ;  pc,  pre¬ 
coracoid  of  Parker;  a ,  acromion;  cl,  shaft 
of  clavicle  ;  mss,  mesoscapular  segment  of 
Parker  ;  c,  coracoid ;  gc,  glenoid  cavity ;  gb, 
glenoid  border ;  cb,  coracoid  border  ;  af, 
anterior  or  supraspinous  fossa ;  pf,  posterior 
or  infraspinous  fossa  ;  ss,'  suprascapular 
border. 


thin  lamina,  in  two  pieces,  is  also  added  along  the  upper  surface  of  the  coracoid  process,  and 
another  at  the  margin  of  the  glenoid  cavity.  These  epiphyses  are  united  about  the  25th  year. 

In  the  humerus  a  nucleus  appears  near  the  middle  of  the  shaft  in  the  8th  week.  It 
gradually  extends,  until  at  birth  only  the  ends  of  the  bone  are  cartilaginous.  In  the  1st 
year  the  nucleus  of  the  head  appears,  and  during  the  3rd  year  that  for  the  great  tuberosity. 


Fig.  118. — Ossification  of  the  humerus.  (R.  Quain.) 

A,  from  a  full-grown  foetus  ;  B,  in  the  second  year  ;  C,  at  three  years  ;  D,  at  the  fifth  year  ;  E,  at 
about  the  twelfth  year  ;  F,  at  the  age  of  puberty. 

1,  the  primary  centre  for  the  shaft  ;  2,  nucleus  for  the  head  ;  3,  that  for  the  great  tuberosity  ;  4, 
for  the  capitellum  and  adjacent  part  of  the  trochlea  ;  5,  for  the  internal  condyle  ;  6,  for  the  inner  part 
of  the  trochlea;  7,  for  the  external  condyle.  In  this  and  the  following  figures  the  more  advanced 
bones  are  shown  on  a  smaller  scale  than  the  earlier  ones. 


The  lesser  tuberosity  is  either  ossified  from  a  distinct  nucleus  which  appears  in  the  5th  year, 
or  by  extension  of  ossification  from  the  great  tuberosity.  These  nuclei  join  together  about 
the  6th  year  to  form  an  epiphysis,  which  is  not  united  to  the  shaft  till  the  20th  year.  In 
the  cartilage  of  the  lower  end  of  the  bone  four  separate  nuclei  are  seen,  the  first  appearing 
in  the  capitellum  in  the  3rd  year.  The  nucleus  of  the  internal  condyle  appears  in  the  5th 
year,  that  of  the  trochlea  in  the  11th  or  12th  year,  and  that  of  the  external  condyle  in  the 
13th  or  14th  year.  The  nucleus  of  the  internal  condyle  forms  a  distinct  epiphysis  which 
unites  with  the  shaft  in  the  18th  year ;  the  other  three  nuclei  coalesce  to  form  an  epiphysis, 
which  is  united  to  the  shaft  in  the  16th  or  17th  year. 

The  radius  is  developed  from  a  nucleus  which  appears  in  the  middle  of  the  shaft  in  the  8th 
week,  and  from  an  epiphysial  nucleus  in  each  extremity  which  only  appears  some  time  after 
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-birth.  The  nucleus  in  the  carpal  extremity  appears  at  the  end  of  the  2nd  year,  while  that  of 
the  head  is  not  seen  till  the  5th  or  6th  year.  The  superior  epiphysis  and  shaft  unite  about  the 
17th  or  18th  year  ;  the  inferior  epiphysis  and  shaft  unite  about  the  20th  year. 


Fig.  119. — Ossification  of  the 
radius.  (R.  Quain. ) 

A,  the  radius  of  a  full-grown 
foetus  ;  B,  at  about  two  years  of  age  ; 
C,  at  five  years  ;  D,  at  about  eighteen 
years. 

1,  shaft ;  2,  ossific  point  of  the 
lower  epiphysis  ;  3,  that  of  the  upper 
end.  In  D,  the  upper  epiphysis  is 
united  to  the  shaft,  while  the  lower 
is  still  separate. 

The  ulna  is  ossified  similarly 
to  the  radius,  but  begins  a  little 
later.  The  nucleus  of  the  shaft 
appears  about  the  8th  week, 
that  of  the  carpal  extremity 
in  the  4th  or  5th  year.  The 
upper  extremity  grows  mainly 
from  the  shaft,  but  at  the  end 
of  the  olecranon  a  small  epiphysis  is  formed  from  a  nucleus  which  appears  in  the  10th 
year.  This  epiphysis  is  united  to  the  shaft  about  the  17th  year  ;  the  inferior  epiphysis  about 
the  20th  year. 

From  what  is  stated  above  it  appears  that  in  the  bones  of  the  arm  and  forearm  the 
epiphyses  which  meet  at  the  elbow-joint  begin  to  ossify  later,  and  unite  with  their  shafts 
earlier,  than  those  at  the  opposite  ends  of  the  bones,  whereas  in  the  bones  of  the  thigh  and  leg 


Fig.  120. — Ossification  of  the 
ulna.  (R.  Quain.) 

A,  the  ulna  at  birth  ;  B,  at  the 
end  of  the  fourth  year  ;  C,  of  a 
boy  of  about  twelve  years  of  age; 
D,  of  a  male  of  about  nineteen 
or  twenty  years. 

1,  shaft;  2, nucleus  of  the  lower 
epiphysis  ;  3,  nucleus  of  the 

upper  epiphysis.  In  D,  the 
upper  epiphysis  is  united  to 
the  shaft,  while  the  lower  is  still 
separate. 


the  epiphyses  at  the  knee-joint 
are  the  soonest  to  ossify  (except 
in  the  fibula)  and  the  latest  to 
unite  with  their  shafts.  In 
the  bones  of  the  arm  and  fore¬ 
arm  the  arterial  foramina  are 
directed  towards  the  elbow ; 
in  those  of  the  thigh  and  leg 

they  are  directed  away  from  the  knee.  Thus,  in  each  bone  the  epiphysis  of  the  extremity 
towards  which  the  canal  of  the  medullary  artery  is  directed  is  the  first  to  be  united  to 
the  shaft.  It  is  found  also  that,  while  the  elongation  of  the  long  bones  is  chiefly  the  result 
of  addition  to  the  shaft  at  the  epiphysial  synchondroses,  the  growth  takes  place  more  rapidly, 
and  is  continued  longer,  at  the  end  where  the  epiphysis  is  last  united  ;  and  the  oblique  direc¬ 
tion  of  the  vascular  canals  is  due  to  this  inequality  of  growth,  which  causes  a  shifting  of  the 
investing  periosteum,  and  so  draws  the  proximal  portion  of  the  medullary  artery  towards  the 
more  rapidly,  growing  end. 

The  carpus  is  entirely  cartilaginous  at  birth.  Each  carpal  bone  is  ossified  from  a  single 
nucleus.  The  nucleus  of  the  os  magnum  appears  in  the  1st  year;  that  of  the  unciform  in 
the  1st  or  2nd  year  ;  that  of  the  pyramidal  in  the  3rd  year  ;  those  of  the  trapezium  and  the 
l  unar  bone  in  the  5th  year ;  that  of  the  scaphoid  in  the  6th  or  7th  year ;  that  of  the 
trapezoid  in  the  7th  or  8th  year  ;  and  that  of  the  pisiform  in  the  12th  year. 
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The  metacarpal  bones  and  phalanges  are  usually  formed  each  from  a  principal  centre  for 
the  shaft  and  one  epiphysis.  The  ossification  of  the  shaft  begins  about  the  8th  or  9th 
week.  In  the  inner  four  metacarpal  bones  the  epiphysis  is  at  the  distal  extremity,  while  in 
the  metacarpal  bone  of  the  thumb  and  in  the  phalanges  it  is  placed  at  the  proximal  extremity. 
In  many  instances,  however,  there  is  also  a  distal  epiphysis  visible  in  the  first  metacarpal  bone 
at  the  age  of  7  or  8  years,  and  there  are  even  traces  of  a  proximal  epiphysis  in  the 
second  metacarpal.  In  the  seal  and  some  other  animals  there  are  always  two  epiphyses 
in  these  bones.  The  epiphyses  begin  to  be  ossified  from  the  3rd  to  the  5th  year,  and  are 
united  to  their  respective  shafts  about  the  20th  year.  The  terminal  phalanges  of  the 
digits  present  the  remarkable  peculiarity  that  the  ossification  of  their  shafts  commences  at  the 
distal  extremity,  instead  of  in  the  middle  of  their  length,  as  is  the  case  with  the  other 
phalanges  and  with  the  long  bones  generally  (Schafer  and  Dixey,  Proc.  Roy.  Soc.  xxx,  550. 
and  xxxi,  63).  ’  } 


c 


Fig.  121. — Ossification  of  the  bones  of  the  hand.  (R.  Quain.) 


A,  the  condition  at  birth.  The  carpus  is  entirely  cartilaginous.  Each  of  the  metacarpal  bones  anti 
digital  phalanges  has  its  shaft  ossified. 

B,  at  the  end  of  the  first  year.  The  os  magnum  and  unciform  have  begun  to  ossify. 

C,  about  the  third  year.  Centres  of  ossification  are  seen  in  the  pyramidal  and  in  the  proxima*. 
epiphysis  of  the  first  and  distal  epiphyses  of  the  other  four  metacarpal  bones,  and  in  the  proxima. 
epiphyses  of  the  first  row  of  phalanges. 

D,  at  the  fifth  year.  Centres  have  been  formed  in  the  trapezium  and  later  in  the  lunar  bone, 
and  in  the  epiphyses  of  the  middle  and  distal  phalanges  :  (the  figure  does  not  show  them  distinctly  in 
the  middle  phalanges). 

E,  at  about  the  ninth  year.  Centres  have  been  formed  in  the  scaphoid  and  trapezoid  bones,  and  the 
more  developed  epiphyses  of  the  metacarpal  bones  and  phalanges  are  shown  in  the  first  and  second, 
digits  separately. 

1,  os  magnum  ;  2,  unciform  ;  3,  pyramidal  ;  4,  lunar  ;  5,  trapezium  ;  6,  scaphoid  ;  7,  trapezoid  * 
8,  metacarpal  bones,  the  principal  pieces  ;  8*,  four  metacarpal  epiphyses  ;  8',  that  of  the  thumb  ;  9, 
first  phalanges  ;  9*,  their  epiphyses  ;  9',  that  of  the  thumb  ;  10,  second  phalanges  ;  10',  epiphysis  of 
terminal  phalanx  of  thumb  ;  11,  terminal  phalanges  of  the  fingers  ;  11*,  their  epiphyses. 
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V— THE  PELVIS  AND  LOWER  LIMB. 

The  divisions  of  the  lower  limb  are  the  haunch  or  hip,  thigh,  leg,  and  foot.  In 
the  haunch  is  the  hip-hone,  which  enters  into  the  formation  of  the  pelvis  ;  in  the 
thigh  is  the  femur  ;  in  the  leg  the  tibia  and  fibula  ;  and  at  the  knee  a  large  sesamoid 
bone,  the  patella.  The  foot  is  composed  of  three  parts,  viz.,  the  tarsus,  metatarsus, 
and  phalanges. 


THE  HIP-BONE. 

The  hip-bone,  os  coxce,  or  innominate  bone,  with  its  neighbour  of  the  opposite  side 
■and  the  addition  of  the  sacrum  and  coccyx,  forms  the  pelvis  ;  it  transmits  the  weight 
of  the  body  to  the  lower  limb.  It  is  constricted  in  the  middle  and  expanded  above 
and  below,  and  is  so  curved  that,  while  the  upper  part  is  nearly  vertical,  the  lower 
part  is  directed  inwards.  On  the  external  aspect  of  the  constricted  portion  is  the 
acetabulum ,  a  cavity  which  articulates  with  the  femur,  and  perforating  the  inferior 
expansion  is  a  large  opening,  the  thyroid  or  obturator  foramen.  The  superior  wider 
part  of  the  bone  forms  part  of  the  abdominal  wall  ;  the  inferior  enters  into  the 
formation  of  the  true  pelvis.  The  hip-bone  articulates  with  its  fellow  of  the  opposite 
side,  with  the  sacrum,  and  with  the  femur. 

In  the  description  of  this  bone  it  is  convenient  to  recognise  as  distinct  the  three 
parts  of  it  which  are  separate  in  early  life,  viz.,  the  ilium ,  os  pubis  and  ischium. 
These  three  portions  meet  at  the  acetabulum,  in  the  formation  of  which  they 
all  take  part ;  and  the  os  pubis  and  ischium  also  meet  on  the  inner  side  of  the 
obturator  foramen. 

The  ilium  constitutes  the  superior  expanded  portion  of  the  bone,  and  forms  a 
part  of  the  acetabulum  by  its  inferior  extremity.  Above  the  acetabulum  it  is  limited 
anteriorly  and  posteriorly  by  margins  which  diverge  at  right  angles  one  from  the 
other,  and  superiorly  by  an  arched  thick  border,  the  crest  of  the  ilium.  Viewed  from 
above,  the  crest  is  curved  like  the  letter  f  the  fore  part  being  concave  inwards,  the 
hinder  part  concave  outwards  :  it  is  narrow  in  its  middle  third,  broadened  in  front 
and  behind,  and  forms  a  marked  projection  externally  in  its  anterior  third  :  on  it 
may  be  distinguished  external  and  internal  lips  and  an  intermediate  ridge.  The 
anterior  extremity  of  the  crest  forms  a  projection  forwards  called  the  anterior  superior 
spine  of  the  ilium ,  and,  separated  from  it  by  a  concave  border,  and  placed  imme¬ 
diately  above  the  acetabulum,  is  another  eminence  called  the  anterior  inferior  spine  : 
the  projecting  posterior  extremity  of  the  crest  forms  the  posterior  superior  spine ,  and 
separated  from  it  by  a  small  notch  is  the  posterior  inferior  spine,  below  which  the 
posterior  border  of  the  bone  is  hollowed  out  into  the  ilio-sciatic  (or  great  sciatic )  notch. 
The  external  surface  or  dorsum  of  the  ilium  is  convex  in  front,  below  the  prominence 
of  the  crest,  and  concave  behind  this.  It  is  traversed  by  three  curved  gluteal  lines , 
wdiich  limit  the  areas  of  attachment  of  the  gluteal  muscles.  The  posterior  or  superior 
gluteal  line  leaves  the  iliac  crest  about  one-fourth  of  its  length  from  the  posterior 
superior  spine,  and  curves  downwards  and  forwards  towards  the  hinder  part  of  the 
ilio-sciatic  notch  :  the  middle  gluteal  line  begins  in  front  at  the  iliac  crest,  about  one 
inch  and  a  half  from  its  anterior  extremity,  and  arches  backwards  and  downwards 
to  the  upper  margin  of  the  ilio-sciatic  notch  :  the  inferior  gluteal  line ,  less  strongly 
marked  than  the  middle,  commences  at  the  anterior  border  of  the  ilium,  just  above 
the  anterior  inferior  spine,  and  is  continued  backwards  nearly  parallel  to  the  margin 
of  the  acetabulum  to  the  fore  part  of  the  ilio-sciatic  notch.  Behind  the  posterior 
gluteal  line  is  a  narrow  semilunar  surface,  the  upper  portion  of  which  is  rough  and 
gives  attachment  to  the  gluteus  maximus  muscle,  while  the  lower  part  is  smooth  and 
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free  from  muscular  attachment.  The  sickle-shaped  space  between  the  iliac  crest  and 
posterior  gluteal  line  above  and  the  middle  gluteal  line  below  is  occupied  by  the 
gluteus  medius  ;  and  the  surface  between  the  middle  and  inferior  gluteal  lines  gives 
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Fig.  122. — Right  hip-bone  op  male  :  outer  view.  (Drawn  by  T.  W.  P.  Lawrence.)  | 

origin  to  the  gluteus  minimus.  On  the  lowest  part  of  this  surface,  immediately  above 
the  margin  of  the  acetabulum,  is  a  rough  elongated  mark  where  the  reflected  head  of 
the  rectus  femoris  is  attached. 

The  internal  surface  of  the  ilium  is  divided  into  two  parts.  The  anterior  of  these 
( iliac  surface )  is  the  larger  :  it  is  smooth  and  concave,  occupied  by  the  iliacus  muscle, 
and  is  known  as  the  iliac  fossa.  Interiorly,  the  fossa  terminates  above  the  margin  of 
the  acetabulum,  and  to  the  inner  side  of  the  anterior  inferior  iliac  spine,  in  a  groove 
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which  lodges  the  ilio-psoas  muscie  as  it  passes  from  the  abdomen  into  the  thigh. 
The  inner  boundary  of  the  groove  is  formed  by  an  elevation,  the  ilio-pectineal  emi¬ 
nence,  marking  the  nlace  of  i  unction  of  the  pubis  and  ilium. 


POST.  INF.  SPINE 


POSTERIOR 
SACRO -ILIAC 
LIGAMENT 


PUBIS 


ISCHIUM 

Fig.  123. — Right  hip-bone  op  male  :  inner  view.  (Drawn  by  T.  W.  P.  Lawrence.) 


The  posterior  part  ( sacral  surface)  is  again  subdivided,  presenting  fron^jgjj^w  up¬ 
wards — 1,  a  smooth  surface  entering  into  the  formation  of  the  trpe^^fvis,  and 
continuous  with  the  pelvic  surfaces  of  the  pubis  and  ischium,  only  a  faint  line  indi¬ 
cating  in  the  adult  the  place  of  union  ;  this  gives  origin  to  a  part  of  the  obturator 
intern'us  muscle,  and  is  separated  from  the  iliac  fossa  by  a  smooth  rounded  border,  the 
iliac  'portion  of  the  ilio -pectineal  line ;  2,  the  uneven  auricular  surface,  in  the  recent 
state  covered  with  cartilage,  for  articulation  with  the  sacrum,  broad  in  front,  and 
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extending  on  to  the  posterior  inferior  spine  behind  ;  3,  some  depressions  for  the  attach¬ 
ment  of  the  posterior  sacro-iliac  ligament  ;  and  4,  a  rough  surface  reaching  up  to 
the  hinder  portion  of  the  iliac  crest,  and  giving  origin  to  parts  of  the  erector  and 
multifidns  spinae  muscles. 

The  iliac  crest  gives  attachment  by  its  outer  lip  to  the  tensor  vaginae  femoris,  obliquus 
externus,  and  latissimus  dorsi  muscles,  and  the  gluteal  fascia ;  by  its  middle  ridge  to  the 
internal  oblique  ;  and  by  its  inner  lip  to  the  transversalis,  quadratus  lumborum,  and  erector 
spinae  muscles,  and  the  iliac  fascia.  To  the  anterior  superior  spine  are  attached  the  tensor 
vaginae  femoris  externally,  the  sartorius  in  front,  and  Poupart’s  ligament  internally.  The 
anterior  inferior  spine  gives  origin  to  the  straight  head  of  the  rectus  femoris  muscle.  Between 
this  and  the  margin  of  the  acetabulum  is  an  impression  where  the  ilio-femoral  ligament 
is  fixed  to  the  bone.  The  iliac  part  of  the  ilio-pectineal  line  gives  attachment  to  the  iliac  and 
obturator  fasciae,  and  the  tendon  of  the  psoas  parvus  when  that  muscle  is  present. 

The  os  pubis  forms  the  anterior  wall  of  the  pelvis,  and  bounds  the  thyroid 
foramen  in  the  upper  half  of  its  extent.  At  its  outer  and  upper  extremity  it  forms  a 
part  of  the  acetabulum  ;  at  its  inner  extremity  it  presents  an  elongated  oval  surface 
which  forms  the  articulation  with  the  bone  of  the  opposite  side,  the  junction  being 
called  the  symphysis  pubis.  The  part  which  passes  downwards  au^utwards  below 
the  symphysis  ^called  the  inferior  or  descending  ramus ,  the  uppei^mrt  is  called  the 
superior  or  ascm,ing  ramus ,  and  the  flat  portion  between  the  rami  is  the  body.  The 
deep  or  pelvic  surface  of  the  body  is  smooth  ;  the  anterior  or  femoral  surface  is 
roughened  near  the  symphysis  by  the  attachments  of  muscles.  At  the  superior 
extremity  of  the  symphysis  is  the  angle  of  the  pubis ,  and  extending  outwards  from 
this  on  the  superior  border  is  the  rough  pubic  crest ,  terminating  in  the  projecting  spine. 
The  inferior  ramus  is  thin  and  flattened,  and  joins  the  ramus  of  the  ischium.  The 
superior  ramus  becomes  prismatic,  and  increases  in  thickness  as  it  passes  upwards 
and  outwards.  Its  superior  border  is  the  pubic  portion  of  the  ilio-pectineal  line,  a 
sharp  ridge  continued  from  iliac  portion  of  the  line  downwards  and  inwards 
to  the  pubic  spine.  The  I^^Bular  surface  in  front  of  this  line  is  covered  by 
the  pectineus  muscle  ;  it  i^^mded  externally  by  the  ilio-pectineal  eminence, 
and  below  by  the  prominent  obturator  crest,  which  extends  from  the  pubic 
spine  to  the  acetabular  margin  at  the  anterior  extremity  of  the  cotyloid  notch. 
Behind  the  outer  part  of  the  crest,  on  the  inferior  surface  of  the  ramus,  is  the 
deep  obturator  groove ,  directed  from  behind  forwards  and  inwards,  for  the  obturator 
vessels  and  nerve. 

The  pubic  crest  gives  origin  to  the  rectus  abdominis  and  pyramidalis  muscles.  The  pubic 
spine  serves  for  the  insertion  of  Poupart’s  ligament ;  and  for  a  short  distance  outside  this 
Gimbernat’s  ligament  and  the  conjoined  tendon  of  the  internal  oblique  and  transversalis 
muscles  are  fixed  to  the  ilio-pectineal  line.  Along  the  front  of  the  pubic  portion  of  the  ilio- 
pectineal  line  the  pectineus  muscle  arises,  and  to  the  line  itself  the  pubic  portion  of  the  fascia 
lata  is  attached.  From  the  front  of  the  pubis  the  adductor  longus  muscle  arises  in  the  angle 
between  the  crest  and  symphysi|,  and  below  this  the  adductor  brevis  and  upper  part  of  the 
adductor  magnus.  Internally  to  these  the  gracilis  is  attached  to  the  prominent  edge  of 
the  surface,  and  externally  the  obturator  externus.  Along  the  margin  of  the  symphysial 
surface  is  a  small  rough  area,  which  is  occupied  by  the  anterior  ligament  of  the  articulation, 
and  is  wider  in  the  female  than  in  the  male  bone  (Cleland).  The  posterior  surface  of  the  pubis 
gives  attachment  to  part  of  the  obturator  internus  muscle  ;  and  above  this,  where  a  faint  line 
may  sometimes  be  recognized  passing  obliquely  from  the  upper  margin  of  the  obturator  foramen 
to  the  lower  end  of  the  symphysis,  the  levator  ani  and  obturator  and  recto-vesical  fasciae  are 
fixed  together  to  the  bone. 

The  ischium  forms  the  posterior  and  inferior  part  of  the  hip-bone,  and  bounds 
the  thyroid  foramen  in  the  lower  half  of  its  extent.  Superiorly  it  enters  into  the 
acetabulum  :  interiorly  it  forms  a  thick  projection,  the  tuberosity ,  and  this  part, 
diminishing  in  size,  is  continued  forwards  into  the  ramus.  On  its  posterior  border. 
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behind  the  acetabulum,  a  sharp  process,  the  spine ,  projecting  with  an  inclination 
inwards,  forms  the  inferior  limit  of  the  ilio-sciatic  notch ,  and  is  separated  from  the 
tuberosity  by  a  short  interval,  the  sciatic  (or  small  sciatic)  notch ,  against  the  smooth 
margin  of  which,  covered  in  the  recent  state  with  cartilage,  the  tendon  of  the  obtu¬ 
rator  internus  muscle  glides.  In  front  of  this,  on  the  external  surface,  a  horizontal 
groove,  occupied  by  the  upper  border  of  the  obturator  externus  muscle,  lies  between 
the  inferior  margin  of  the  acetabulum  and  the  tuberosity.  The  tuberosity  presents 


ILIUM 


ISCHIUM 


Fig.  124. — Right  hip-bone  of  male,  from  before  and  below.  (Drawn  by  T.  W.  P.  Lawrence.)  § 

a  rough  pyriform  surface  continuous  with  the  internal  margin  of  the  ramus,  on  the 
broader  superior  portion  of  which  are  two  impressions  placed  side  by  side,  the  outer 
for  the  semimembranosus,  the  inner  for  the  conjoined  origins  of  the  biceps  and  semi- 
tendinosus,  while  the  lower  part  is  ridged  and  gives  attachment  to  the  adductor  magnus 
muscle  ;  the  inner  border  is  sharp  and  prominent  where  the  great  sacro-sciatic  liga¬ 
ment  is  attached  ;  and  along  the  outer  margin  is  a  faint  elongated  impression  mark- 
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mg  the  place  of  origin  of  the  quadratus  femoris  muscle.  The  ramus  of  the  ischium 
is  flattened  like  the  inferior  ramus  of  the  pubis,  with  which  it  is  continuous  on  the 
inner  side  of  the  thyroid  foramen. 

The  ischial  spine  gives  attachment  posteriorly  to  the  small  sacro-sciatic  ligament,  exter¬ 
nally  to  the  superior  gemellus,  and  internally  to  the  coccygeus  and  the  hinder  fibres  of 
•xhe  levator  ani.  The  inferior  gemellus  arises  from  the  upper  margin  of  the  tuberosity, 
below  the  sciatic  notch  ;  and  the  inner  surface  of  the  ischium  gives  origin  to  part  of 
the  obturator  internus.  On  the  conjoined  ischio-pubic  rami,  immediately  above  the  inner 
■margin,  in  the  male  bone,  is  an  oval  surface  to  which  are  attached  the  crus  penis,  surrounded 
by  the  ischio-cavernosus  muscle,  and  more  deeply  the  trans versus  perinei  and  constrictor 
urethras  muscles.  The  smaller  and  less  distinct  surface  in  the  female  gives  attachment  to  the 
-crus  clitoridis  and  corresponding  muscles. 


The  acetabulum ,  or  cotyloid  cavity ,  is  a  cup-shaped  hollow,  looking  outwards,  down¬ 
wards,  and  forwards,  and  surrounded  in  the  greater  part  of  its  circumference  by  an 
■elevated  margin,  which  is  most  prominent  at  the  posterior  and  upper  part  ;  while  at 
the  opposite  side,  close  to  the  obturator  foramen,  it  is  deficient,  forming  the  cotyloid 
notch.  Its  lateral  and  upper  parts  present  a  broad  horseshoe-shaped  smooth  surface, 
which  articulates  with  the  head  of  the  femur,  and  in  the  recent  s^ite  is  coated  with 
•cartilage ;  but  the  central  part  of  the  cup  and  the  region  of  the  notch  are  depressed  below 
the  level  of  the  articular  surface  ( fossa  acetabuli ),  lodge  a  mass  of  fat  and  the  inter- 
articular  ligament,  and  have  no  cartilaginous  coating.  Rather  more  than  two-fifths 
of  the  acetabulum  are  formed  from  the  ischium,  less  than  two-fifths  from  the  ilium, 
and  the  remainder  from  the  pubis.  The  iliac  portion  of  the  articular  surface  is 
the  largest,  the  pubic  the  smallest :  the  non-articular  surface  belongs  chiefly  to 
the  ischium. 

The  thyroid  or  obturator  foramen ,  also  called  foramen  ovale ,  is  internal  and  inferior 
to  the  acetabulum.  In  the  male  it  is  nearly  oval,  with  the  long  diameter  directed 
downwards  and  backwards  ;  in  the  female  it  is  broader  and  more  triangular.  In  the 
recent  state  it  is  closed  by  ^  fibrous  membrane,  except  in  the  neighbourhood  of  the 
groove  in  its  upper  margin.  # 

The  crest  of  the  ilium  is  subcutaneous,  and  forms  the  boundary  between  the 
abdomen  and  the  region  of  the  hip.  In  front  the  pubic  spine  is  to  be  felt  through 
the  integuments,  and  lower  down  the  inner  margin  of  the  united  rami  of  the  ischium 
and  pubis  can  be  followed  to  the  ischial  tuberosity,  dividing  the  perineum  from  the 
thigh.  The  remainder  of  the  bone  is  thickly  covered  by  muscles. 


The  hip-bone  varies  greatly  in  thickness  at  different  parts.  The  strongest  portions  are 
found  along  the  lines  of  greatest  pressure ;  these  are,  a  very  thick  bar  in  the  ilium  between 
the  auricular  surface  and  the  acetabulum,  through  which  the  weight  of  the  body  is  trans¬ 
mitted  to  the  thigh-bones,  and  a  second  formed  by  the  ischium,  ending  in  the  tuberosity, 
which  supports  the  body  in  the  sitting  posture.  The  ilium  has  also  a  thick  rib  running  from 
the  acetabulum  to  the  most  prominent  portion  of  the  iliac  crest,  while  the  bone  between  this 
and  the  auricular  surface,  corresponding  to  the  deepest  part  of  the  iliac  fossa,  is  very  thin. 
The  floor  of  the  non-articular  portion  of  the  acetabulum  is  also  a  thin  plate  of  bone,  and  this, 
as  well  as  the  thin  part  of  the  ilium,  is  occasionally  perforated.  The  chief  vascular  foramina 
penetrate  the  bone  where  it  is  thickest,  viz.,  in  the  iliac  fossa  near  the  auricular  surface, 
on  the  pelvic  surface  of  the  ilium  near  the  ilio-sciatic  notch,  on  the  outer  surface  of  the  ilium 
between  the  inferior  gluteal  line  and  the  acetabulum,  and  on  the  ischium  between  the 
acetabulum  and  tuberosity. 


THE  PELVIS. 

The  hip-bones  with  the  sacrum  and  coccyx  form  the  pelvis. 

This  part  of  the  skeleton  may  be  considered  as  divided  into  two  parts  by  a  plane 
passing  through  the  sacral  promontory,  the  ilio-pectineal  lines,  and  the  upper  border 
of  the  symphysis  pubis.  The  circle  thus  completed  constitutes  the  brim  or  inlet  of 
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the  lower  or  true  pelvis  ;  the 
space  above  it,  between  the 
iliac  fossae,  belongs  really  to 
the  abdomen,  but  has  been 


Fig.  125. — Adult  male  pelvis  seen 

FROM  BEFORE,  IN  THE  ERECT  AT¬ 
TITUDE  of  the  body.  (Allen 
Thomson.)  ^ 

1,  2,  antei’ior  extremities  of  the 
iliac  crests  in  front  of  the  greatest 
transverse  diameter  of  the  false- 
pelvis  ;  3,  4,  acetabula  ;  5,  5, 

thyroid  foramina  ;  6,  subpubic  angle 
or  arch. 


Fig.  126. — Adult  female  pelvis. 

(Allen  Thomson. )  £ 

Similarly  placed  with  that  shown, 
in  the  preceding  figure,  and  illustrat¬ 
ing  by  comparison  with  it,  the  prin¬ 
cipal  differences  between  the  male 
and  female  pelvis.  The  numbers  in¬ 
dicate  the  same  parts  as  in  the  pre¬ 
ceding  figure. 


called  the  upper  or  false 
pelvis.  The  inferior  circum¬ 
ference,  or  outlet  of  the  pelvis, 
presents  three  large  bony 
eminences,  the  coccyx  and 
the  tuberosities  of  the  ischia. 
Between  the  tuberosities  of 
the  ischia  in  front  is  the 
subpubic  arch ,  which  bounds 
an  angular  space  extending 
forwards  to  the  symphysis, 
and  is  formed  by  the  inferior 


Figs.  127  and  128. — The  male  and 

FEMALE  PELVIS,  AS  SEEN  PER¬ 
PENDICULARLY  TO  THE  PLANE  OF 
the  brim.  (Allen  Thomson. )  \ 

In  Fig.  128  of  the  female  pelvis 
the  lines  are  shown  in  which  the  di¬ 
mensions  of  the  pelvis  are  usually 
measured  at  the  brim. 

a,  p,  antero-posterior  or  conjugate 
diameter  ;  t,  r,  transverse  or  widest 
diameter  ;  o,  b ,  o,  b,  oblique  dia¬ 
meters. 


rami  of  the  pubes  and  the 
rami  of  the  ischia.  The  in¬ 
terval  between  the  sacrum 
and  coccyx  and  the  ischium 
on  each  side  ( sacro  -  sciatic 
notch)  is  bridged  over  in  the 
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recent  state  by  the  great  sacro-sciatic  ligaments,  which  therefore  assist  in  bounding 
the  outlet  of  the  pelvis.  , 

Position  of  the  pelvis. — In  the  erect  attitude  of  the  body,  with  the  heels 
in  contact  and  the  toes  directed  outwards,  the  pelvis  is  so  inclined  that  the  plane  of 

Fig.  129. — Median  section  of  a  female  pelvis. 

(Reduced  from  Nagele.)  £ 

1,  symphysis  pubis  ;  2,  promontory  of  the 
sacrum  ;  3,  coccyx  ;  4,  anterior  superior  spine 
of  ilium  ;  5,  tuberosity  of  ischium  ;  6,  spine  of 
ischium  (the  thyroid  foramen  is  not  represented  so 
pointed  below  as  it  generally  is  in  females).  The 
vertical  and  horizontal  lines  in  the  lower  part  of 
the  figure  will  assist  the  eye  in  judging  of  the 
degree  of  inclination  of  the  pelvis,  as  illustrated 
by  the  next  figure. 

the  brim  of  the  true  pelvis  forms  an  angle 
with  the  horizontal,  which  varies  in  differ¬ 
ent  individuals  from  50°  to  60°.  The  base 
of  the  sacrum  is  then  about  inches  above 
the  upper  margin  of  the  symphysis  pubis, 

.and  the  tip  of  the  coccyx  from  half  an 
inch  to  an  inch  above  the  apex  of  the  sub- 
pubic  arch.  The  inclination  of  the  pelvis 
varies  with  the  position  of  the  lower  limbs,  and  the  angle  is  generally  somewhat 
greater  in  the  female  than  in  the  male.1  The  pelvic  surface  of  the  sacrum,  near  its 
base,  looks  much  more  downwards  than  forwards,  hence  the  sacrum  appears  at  first 
rsight  to  occupy  the  position  of  the  keystone  of  an  arch  ;  but  being  in  reality  broader 

Fig.  130. — Sketch  of  part  of  the  preceding 

FIGURE,  SHOWING  THE  INCLINATION  OF  THE 
BRIM  OF  THE  PELVIS  AND  ITS  AXIS  IN  THE 
ERECT  POSTURE.  g 

a,  b,  line  of  inclination  of  the  brim  of  the  true 
■pelvis  ;  e,  f,  a  line  inclining  backwards  and  up¬ 
wards,  touching  the  lower  edge  of  the  symphysis 
pubis  and  point  of  the  coccyx  ;  c,  d,  axis  of  the 
brim  at  right  angles  to  the  plane  of  the  brim  ; 
d,  h,  g,  curved  axis  of  the  cavity  and  outlet. 

at  its  pelvic  than  on  its  dorsal  aspect,  it  is  a 
keystone  inverted,  or  having  its  broad  end 
lowest,  and  is  supported  in  its  place  chiefly 
by  ligaments,  but  also  to  a  slight  extent 
by  the  inward  projection  of  the  anterior 
margin  of  the  iliac  articular  surface.  The 
line  of  pressure  of  the  weight  of  the  body 
on  the  sacrum  is  directed  downwards  to¬ 
wards  the  symphysis  pubis,  and  the  resistance  of  the  head  of  the  thigh-bone  on  each 
aide  is  directed  upwards  and  inwards. 

The  axis  of  the  'pelvis  is  the  name  given  to  a  line  drawn  at  right  angles  to 
the  planes  of  the  brim,  cavity  and  outlet,  through  their  central  points.  The 

1  Niigele,  “Das  weibliche  Becken,”  &c.,  1825  ;  Wood,  art.  “Pelvis,”  in  Cyclop,  of  Anat.  and 
Phys. ;  Gr.  H.  Meyer,  Arch.  f.  Anat.,  &c.,  1861;  Furst,  “Die  Maass-  und  Neigungs-Verhaltnisse  des 
Beckens,”  1875. 
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posterior  wall,  formed  by  the  sacrum  and  coccyx,  being  about  five  inches  long 
and  concave,  while  the  anterior  wall  at  the  symphysis  pubis  is  only  one  and  a  half 
or  two  inches  long,  the  axis  is  curved  ;  it  is  directed  at  the  inlet  upwards  and 
forwards  towards  the  umbilicus,  and  at  the  outlet  downwards  and  a  little  backwards- 
or  forwards  according  to  the  level  of  the  coccyx. 

Differences  according  to  sex. — The  size  and  form  of  the  pelvis  differ 
markedly  in  the  two  sexes.  In  the  female  the  constituent  bones  are  more  slender 
and  the  muscular  impressions  less  marked  ;  the  height  is  less,  and  the  breadth  and 
capacity  of  the  true  pelvis  greater  ;  the  ilia  however  are  more  vertical,  and  thus- 
the  false  pelvis  is  relatively  narrower  than  in  the  male  ;  the  inlet  of  the  true  pelvis  is 
more  regularly  oval,  the  sacral  promontory  projecting  less  into  it  ;  the  sacrum  is. 
flatter  and  broader  ;  the  depth  of  the  symphysis  pubis  is  less  ;  the  subpubic  arch 
is  much  wider,  and  the  space  between  the  tuberosities  of  the  ischia  greater. 

The  average  dimensions  of  the  pelvis,  as  measured  in  a  number  of  full-sizeo 
males  and  females,  may  be  stated  as  follow,  in  inches  : — 


Male. 

Female. 

Greatest  distance  between  the  crests  of  the  ilia 

externally  ....... 

Hi 

11 

Distance  between  the  anterior  superior  spines  of 

the  ilia  ........ 

H 

9i 

Distance  between  the  front  of  the  symphysis 

pubis  and  the  first  sacral  spine  .  .  .  . 

n 

7 

True  Pelvis. 

Brim. 

Cavity. 

Outlet. 

Brim. 

Cavity. 

Outlet. 

Transverse  diameter  ...... 

5 

4| 

H 

51 

5 

4| 

Oblique  diameter  ....... 

4f 

4 

5 

51 

4* 

Antero-posterior  diameter  ..... 

4 

41 

31 

4i 

5 

4l 

The  human  pelvis,  compared  with  that  of  the  lower  animals,  is  characterised  by  its  shallow¬ 
ness  and  breadth,  and  by  the  great  capacity  of  the  true  pelvis ;  by  the  expansion  of  the  ilia, 
the  length  and  sigmoid  curve  of  their  crests,  the  massiveness  and  straightness  of  the  ischial 
tuberosities,  and  the  shortness  of  the  symphysis.  Similar,  although  much  slighter,  variations- 
in  the  form  of  the  pelvis  are  to  be  recognized  in  the  different  races  of  mankind,  the  most 
important  of  which  is  in  the  relation  of  the  antero-posterior  to  the  transverse  diameter,  and 
is  expressed  by  what  is  termed  the  pelvic  index.  This  is  measured  at  the  pelvic  brim  ;  the 
transverse  diameter  is  taken  as  the  standard  =  100,  and  the  proportion  of  the  antero-posterior 
diameter  to  this  gives  the  index.  For  this  purpose  the  pelves  of  the  two  sexes  must  necessarily 
be  grouped  separately,  and  the  male  is  usually  selected  for  comparison.  The  following 
examples  of  the  average  pelvic  index  in  the  male  of  four  races  will  show  the  range  of  varia¬ 
tion  : — European,  80  ;  Negro,  93  ;  Australian,  97  ;  Andamanese,  99.  Pelves  with  an  index 
above  95  are  dolicliopellic ,  from  95  to  90  mesatipellic ,  and  below  90  platypellie  (Turner)., 
(Yerneau,  “  Le  bassin  dans  les  sexes  et  dans  les  races,”  1875;  Garson,  Journ.  Anat.,  xvi ; 
Turner,  Journ.  Anat.,  xx,  and  “  Challenger  ”  Reports,  Zoology,  xvi.) 


THE  FEMUR. 

The  femur  or  thigh-bone,  situated  between  the  hip-bone  and  the  tibia,  is  the 
largest  and  longest  bone  of  the  skeleton.  In  the  erect  position  of  the  body  it 
inclines  inwards  and  slightly  backwards  as  it  descends,  so  as  to  approach  interiorly 
its  fellow  of  the  opposite  side,  and  to  have  its  upper  end  a  little  in  advance  of  the 
lower.  It  is  divisible  into  the  superior  extremity ,  including  the  head  and  neck  and 
two  eminences  called  trochanters ;  the  shaft ;  and  the  inferior  extremity ,  expanded? 
into  an  external  and  an  internal  condyle. 

At  the  superior  extremity  of  the  bone,  the  neck  extends  inwards,  upwards,. 

1  This  diameter  may  be  increased  to  the  extent  of  one  inch  or  more  by  movement  of  the  coccyx. 
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and  slightly  forwards,  being 
set  upon  the  shaft  at  an  angle 
of  about  125°.  The  neck  is 
expanded  from  above  down  at 
its  base,  where  it  meets  the  shaft 
obliquely,  but  compressed  from 
before  back,  so  that  the  vertical 
diameter  greatly  exceeds  the 
antero-posterior  ;  the  summit 
becomes  more  rounded,  and  is 
somewhat  enlarged  again  as  it 
joins  the  head.  It  is  shorter 
above  and  in  front  than  below 
and  behind.  On  its  posterior » 
surface  there  may  usually  be 
recognized  a  shallow  horizontal  t 
groove,  in  which  the  tendon  of 
the  obturator  externus  lies. 
The  head  forms  more  than  half 
a  sphere,  and  is  covered  with 
cartilage  in  the  fresh  state. 
Behind  and  below  its  central 
point  is  a  small  oval  depression, 
the  fore  part  of  which  gives 
attachment  to  the  interarti- 
cular  ligament  of  the  hip-joint. 
In  the  hollow  there  are  often 
one  or  two  small  vascular 
foramina. 

The  great  trochanter  is  a 
thick  truncated  process  pro¬ 
longed  upwards  in  a  line  with 
the  external  surface  of  the 
shaft.  In  front  it  is  marked 
by  the  insertion  of  the  gluteus 
minimus.  Externally  an  ob¬ 
lique  line  directed  downwards 
and  forwards  indicates  the  in¬ 
ferior  border  of  the  insertion 
of  the  gluteus  medius  muscle ; 
and  lower  down  the  surface  is 
bounded  by  a  horizontal  line, 
which  is  continued  upwards  on 
the  front  of  the  trochanter  to 
an  eminence  at  the  junction 
with  the  neck,  the  tubercle 
of  the  femur ;  this  line  marks 
the  upper  limit  of  the  vastus 
externus.  Internally  at  its 
base,  and  rather  behind  the 
neck,  is  the  trochanteric  or 
digital  fossa ,  which  gives  at¬ 
tachment  to  the  obturator 


DIGITAL  FOSSA 

CLUT.  MED* 


FOSSA  OF 
INTERARTIC.- 
UCT* 


GASTROCNEMIUS 


POST.  CRUCIAL  LIGT. 


ANT.  CRUCIAL  LIGT. 


INTERCONDYLAR  NOTCH 


Fig.  131. — Right  femur,  from  behind.  (Drawn  by 
T.  W.  P.  Lawrence.)  §. 
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ANT. 

INTERTROCH 

LINE 


Fig.  132. — Upper  portion  of  right  femur,  from 
before.  (Drawn  by  T.  W.  P.  Lawrence.)  § 


externus  muscle,  while  close  above  and  in  front  of  this  is  the  impression  of  the 
obturator  intemus  and  gemelli  muscles.  The  upper  border  of  the  great  trochanter 
is  narrow,  and  presents  an  oval  mark  for  the  insertion  of  the  pyriformis.  The 

posterior  border  is  prominent, 
and  continued  into  a  strong 
rounded  elevation,  the  inter  - 
trochanteric  ridge  or  posterior 
intertrochanteric  line ,  which  passes 
downwards  and  inwards  to  the 
small  trochanter,  and  limits  the 
neck  posteriorly  :  above  the 
centre  the  ridge  is  thickened, 
marking  the  attachment  of  the 
upper  part  of  the  quadratus  fe- 
moris ;  the  enlargement  is  termed 
the  tubercle  of  the  quadratus. 

The  small  trochanter ,  a  pyra¬ 
midal  eminence,  projects  from 
the  posterior  and  inner  aspect  of 
the  bone  at  the  junction  of  the 
neck  with  the  shaft ;  its  rounded 
summit  gives  attachment  to  the 
tendon  of  the  ilio-psoas  muscle. 
The  neck  is  separated  from  the 
shaft  anteriorly  by  the  anterior 
intertrochanteric  line ,  or  upper 
part  of  the  spiral  line ,  a  broad 
rough  line  commencing  at  the 
tubercle  of  the  femur  and  di¬ 
rected  obliquely  downwards  and 
inwards  a  finger’s  breadth  in 
front  of  the  small  trochanter  ; 
it  indicates  the  attachment  of 
the  thick  anterior  portion  of  the 
capsular  ligament  of  the  hip- 
joint  and  the  upper  border  of 
the  united  crureus  and  vastus  in- 
ternus  muscles. 

The  shaft  is  arched  from 
above  downwards,  with  the  con¬ 
vexity  forwards.  It  is  somewhat 
narrowed  in  the  middle  third, 
and  becomes  considerably  ex¬ 
panded  below.  Towards  the  centre 
it  is  nearly  cylindrical,  but  with  a 
tendency  to  the  prismatic  form,  due  to  the  projection  of  the  linea  aspera  behind,  and 
a  slight  flattening  of  the  surface  in  front ;  so  that  it  may  conveniently  be  regarded  as 
presenting  an  anterior  and  two  lateral  surfaces,  although  definite  lines  separating 
the  surfaces  do  not  exist.  All  three  surfaces,  smooth  and  uniform,  are  covered  by 
the  crureus  and  vasti  muscles.  The  lateral  surfaces  in  the  middle  of  their  extent 
approach  one  another  behind,  being  only  separated  by  the  linea  aspera.  The  linea 
aspera  is  a  prominent  ridge,  extending  along  the  central  third  of  the  shaft 
posteriorly,  and  bifurcating  above  and  below.  It  presents  two  sharp  margins  or 
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-Lower  end  of  right  femur,  from  before. 
(Drawn  by  T.  W.  P.  Lawrence. )  § 
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lips  separated  by  a  narrow  interval.  The  external  lip  is  prolonged  up  to  the  great 
trochanter,  and  in  its  course  is  strongly  marked  for  about  three  inches  where  the 
glutens  maximns  is  attached,  constituting  the  gluteal  ridge.  The  internal  lip  is 
continued,  winding  in  front  of  the  small  trochanter,  to  the  anterior  intertrochanteric 
line,  and  forms  the  lower  part  of  the  spiral  line ;  it  marks  the  attachment  of  the 
vastus  internus.  In  the  interval  between  the  two  diverging  branches  of  the  linea 
.aspera  a  less  distinct  line,  which  gives  attachment  to  the  pectineus,  is  seen  passing 
to  the  small  trochanter.  Interiorly  the  two  lips  are  prolonged  to  the  condyles 
under  the  name  of  internal  and  external  supracondylar  lines,  enclosing  between 
them  a  flat  triangular  surface  of  bone,  the  joopliteal  surface  of  the  femur ,  which  forms 
the  floor  of  the  upper  part  of  the  popliteal  space.,  The  internal  supracondylar  line 
is  interrupted  at  the  upper  part  where  the  femoral  vessels  lie  against  the  bone;  it 
terminates  below  in  a  small  sharp  projection,  the  adductor  tubercle,  giving 
•attachment  to  the  tendon  of  the  adductor  magnus.  Above  the  centre  of  the  linea 
aspera  is  the  foramen  for  the  medullary  artery,  directed  upwards  into  the  bone  ;  a 
second  foramen  is  frequently  to  be  seen  near  the  lower  end  of  the  line. 

To  the  inner  lip  of  the  linea  aspera  are  attached  the  vastus  internus,  adductor  longus  and 
adductor  magnus  muscles,  the  last  also  extending  upwards  on  the  inner  side  of  the  gluteal 
ridge,  and  downwards  along  the  internal  supracondylar  line.  The  outer  lip  of  the  linea 
aspera  and  the  external  supracondylar  line  give  attachment  to  the  short  head  of  the  biceps 
and  the  external  intermuscular  septum  of  the  thigh.  The  adductor  brevis  is  inserted  into  the 
upper  third  of  the  shaft  externally  to  the  pectineal  line.  Running  downwards  from  the 
dubercle  of  the  quadratus  to  the  level  of  the  small  trochanter  there  is  sometimes  to  be  seen  a 
faint  linea  quadrati ,  marking  the  insertion  of  the  quadratus  femoris.  A  small  triangular 
-area  below  the  lesser  trochanter,  between  the  pectineal  and  spiral  lines,  gives  insertion  to  the 
•outer  fibres  of  the  iliacus.  At  the  lower  part  of  the  popliteal  surface  is  a  slight  roughness  on 
each  side,  above  the  corresponding  condyle,  where  fibres  of  the  two  heads  of  the  gastrocnemius, 
■and  externally  also  the  plantaris,  arise. 


The  inferior  extremity  presents  two  rounded  eminences,  the  condyles,  united 
in  front,  but  separated  behind  by  a  deep  intercondylar  fossa  or  notch.  Their  greatest 
prominence  is  directed  back¬ 
wards,  and  their  curve,  as  it 
increases  towards  that  part, 
may  be  compared  to  that  of 
a  partially  uncoiled  piece  of 
watch-spring.  The  external 
=condyle  is  the  broader  and 
more  prominent  in  front  ; 
the  internal  is  the  longer  and 
more  prominent  laterally. 

In  the  natural  position  of  the 
femur,  however,  the  inferior 
surfaces  of  the  two  condyles 
are  on  the  same  level.  One 
large  articular  surface,  coated 
continuously  with  cartilage, 
extends  over  both  condyles  ; 
but  opposite  the  front  of  the  intercondylar  fossa  it  is  divided  by  two  irregular,  slightly 
marked  transverse  grooves  into  three  parts,  a  convex  surface  on  each  side  of  the 
fossa  for  articulation  with  the  tibia  ;  and  a  grooved  anterior  surface  for  the  patella. 
The  patellar  surface  is  of  a  trochlear  form,  being  marked  by  a  vertical  hollow  and 
two  prominent  lips  ;  the  external  portion  of  this  surface  is  wider  and  more 
prominent,  and  rises  higher  than  the  internal.  The  tibial  surfaces  are  nearly 
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Fig.  134. — Lower  extremity  of  right  femur,  from 
below.  (Drawn  by  T.  W.  P.  Lawrence.)  § 
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Fig.  135. — Lower  portion  of  right  femur  : 
outer  view.  (Drawn  by  T.  W.  P.  Lawrence.) 


parallel,  except  in  front,  where  the  in 
ternal  turns  obliquely  outwards  to- 
reach  the  patellar  surface.  On  the- 
exposed  lateral  surface  of  each  condyle 
is  a  rough  tuberosity ,  giving  attach¬ 
ment  to  the  respective  lateral  ligament 
of  the  knee-joint.  The  external  tube¬ 
rosity  is  the  smaller  of  the  two  ;  above 
it  is  a  roundish  impression  for  the  outer 
head  of  the  gastrocnemius,  and  below 
and  behind  it  an  oblique  groove,  ending 
interiorly  in  a  pit,  in  which  the  popli- 
teus  muscle  takes  origin  :  the  tendon 
of  the  muscle  plays  over  the  smooth 
hinder  edge  of  the  groove,  and  sinks 
into  the  hollow  'when  the  knee-joint  is 
fully  bent.  On  the  upper  part  of  the 
l  internal  condyle,  between  the  adductor 
tubercle  and  the  articular  surface,  is  an 


impression  for  the  internal  head  of  the  gastrocnemius.  The  floor  of  the  intercondylar 
fossa  is  rough,  and  presents  two  impressions  where  the  crucial  ligaments  are  attached 


Fig.  136.  — Coronal  section  of  the  upper  end  of  the  femur.  (Zaaijer.) 
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that'  of  the  anterior  ligament  occupies  the  hindmost  part  of  the  inner  surface  of  the 
external  condyle,  while  that  of  the  posterior  ligament  is  at  the  inner  and  fore  part 
of  the  fossa,  above  the  curved  portion  of  the  internal  tibial  articular  surface. 

The  head  and  neck  of  the  femur  are  deeply  placed  ;  the  great  trochanter  is 
covered  only  by  the  aponeurosis  of  the  gluteus  maximus,  and  is  readily  felt,  forming; 
the  most  prominent  part  of  the  hip.  The  shaft  is  thickly  surrounded  by  muscles. 
The  condyles  are  subcutaneous  on  each  side  of  the  knee,  the  internal  being  especially 
prominent  ;  the  trochlear  surface  is  concealed  by  the  patella  during  extension,  but 
in  the  flexed  limb  its  form  can  be  traced  pushing  up  the  muscular  covering. 

The  arrangement  of  the  cancellous  tissue  at  the  upper  end  of  the  femur  is  shown  in 
fig.  136.  A  system  of  “  pressure-lamellae,”  springing  from  the  compact  wall  of  the  lower 
side  of  the  neck  and  the  upper  end  of  the  shaft  internally,  ascends  radiating  inwards  to  th& 
head  and  outwards  to  the  great  tro¬ 
chanter  ;  those  passing  to  the  head  are 
especially  dense.  These  are  crossed  at 
right-angles  by  a  set  of  “  tension-la¬ 
mellae,”  which  start  from  the  outer  side 
of  the  shaft,  and  arch  upwards  and 
inwards  to  the  head  and  inner  side  of 
the  neck.  The  concave  side  of  the  neck 
is  farther  strengthened  by  a  nearly 
vertical  plate  of  compact  tissue  ( calcar 
fem.orale1 2),  which  projects  upwards  into 
the  spongy  substance  a  little  in  front 
of  the  small  trochanter.  At  the  lower 
end  of  the  bone  the  chief  lamellae  run 
vertically  from  the  compact  wall  of  the 
shaft  to  the  tibial  articular  surfaces. 

The  average  length  of  the  femur  in 
the  European  male  is  a  little  more  than 
18  inches,  in  the  female  about  17  inches. 

It  equals  about  -275  of  the  stature,  and 
its  proportion  to  the  humerus  is  as  100  : 71. 

In  the  erect  attitude  the  inclination  of  the  femur  is  such  that  the  shaft  forms  an  angle  of 
about  9°  with  the  sagittal  plane,  and  6°  with  the  frontal  plane  ;  the  former  angle  is  larger 
in  the  female  than  in  the  male.  The  femur  also  exhibits  a  torsion  similar  to  that  of  the 
humerus,  but  usually  in  the  opposite  direction,  the  head  being  inclined  forwards  from  the 
transverse  axis  of  the  lower  extremity  :  the  angle  of  torsion  varies  within  wide  limits,  but  is 
in  the  majority  of  cases  between  6°  and  20°  (Mikulicz,  Arch.  f.  Anat.,  1878). 

The  angle  between  the  neck  and  shaft  of  the  femur  varies  much  in  different  individuals, 
ranging  in  the  adult  from  110°  to  140°.  It  is  as  a  rule  smaller  in  short  than  in  long  thigh¬ 
bones,  and  in  women  than  in  men.  It  is  more  open  in  the  foetus  and  child,  and  decreases 
during  the  period  of  growth  under  the  influence  of  the  weight  of  the  body  ;  but  it  does  not 
appear  to  undergo  any  change  after  growth  is  completed  (Humphry,  Journ.  Anat.,  xxiii, 
273). 

Varieties. — The  upper  part  of  the  gluteal  ridge  is  sometimes  very  prominent,  forming  a 
third  trochanter  similar  to  the  process  so  named  in  the  horse  and  some  other  animals.  In 
some  cases  there  is  a  hollow,  fossa  hypotrochanterica?  in  place  of  or  in  addition  to  the  ridge. 
A  marked  development  of  the  linea  aspera  gives  rise  to  the  condition  known  as  the  pilastered 
femur.  The  adductor  tubercle  may  be  of  unusual  size,  and  has  been  seen  forming  a  projection 
three-quarters  of  an  inch  in  length. 

1  Merkel,  Virchow’s  Archiv,  lix. 

2  Houze,  Bull,  de  la  Soc.  d’Anthrop.,  Bruxelles,  1883. 


Fig.  137. — Transverse  section  of  the  femur 

IMMEDIATELY  ABOVE  THE  SMALL  TROCHANTER.  (Gr.  D.  T.  ) 
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THE  PATELLA. 

The  patella,  rotula ,  or  knee-pan,  situated  at  the  front  of  the  knee-joint,  is  a 
sesamoid  bone  developed  in  the  tendon  of  the  quadriceps  extensor  cruris.  It  is 
compressed  from  before  backwards,  and  somewhat  triangular  in  shape,  with  the 
apex  below.  Its  anterior  surface  is  convex  and  longitudinally  striated,  being 
covered  by  a  fibrous  prolongation  from  the  extensor  tendon  ;  it  presents  a  few 

Fig.  138. — Right  patella  : 

A,  FROM  BEFORE  ;  B,FROM 
behind.  (Drawn  by  T. 
W.  P.  Lawrence.)  | 

In  B,  the  articular  surface 
is  seen,  divided  by  a  ridge  into 
a  smaller  internal  and  a  larger 
external  part.  On  each  of 
these  three  facets  may  be  re¬ 
cognized,  of  which  the  middle 
is  the  largest  and  the  lower 
the  smallest,  while  along  the 
inner  margin  there  is  a  narrow 
seventh  facet. 

vascular  foramina,  and  is  separated  from  the  skin  by  one  or  more  bursae.  The 
superior  border  is  broad,  and  sloped  from  behind  downwards  and  forwards  ;  it  is 
occupied,  except  near  the  posterior  margin,  by  an  impression  into  which  the 
■common  (suprapatellar)  tendon  of  the  quadriceps  is  inserted.  The  deep  surface  is 
for  the  most  part  coated  with  cartilage  for  articulation  with  the  femur,  and  is 
•divided  by  a  vertical  elevation  into  two  parts,  the  external  of  which  is  the  larger 
and  transversely  concave,  while  the  internal  is  convex  :  below  the  articular  surface 
is  a  triangular  depressed  and  roughened  area,  covered  in  the  recent  state  by  a  mass 
of  fat  ;  and  from  the  lower  angle  and  sharp  margins  of  this  part  of  the  bone  the 
infrapatellar  tendon  or  ligamentum  patellae  springs,  by  which  the  patella  is 
-attached  to  the  tibia. 


THE  TIBIA. 

The  tibia,  or  shin-bone,  is,  next  to  the  femur,  the  longest  bone  in  the  skeleton. 
It  is  the  anterior  and  inner  of  the  two  bones  of  the  leg,  and  alone  communicates 
the  weight  of  the  trunk  to  the  foot.  It  articulates  with  the  femur,  fibula,  and 
.astragalus. 

The  superior  extremity  or  head  is  thick  and  expanded,  broader  from  side  to 
•side  than  from  before  back,  and  inclined  somewhat  backwards  from  the  direction  of 
the  shaft.  It  forms  on  each  side  a  massive  eminence  or  tuberosity,  on  the  upper 
-aspect  of  which  is  a  slightly  concave  articular  surface  for  the  corresponding 
condyle  of  the  femur.  The  internal  tuberosity,  somewhat  larger  than  the  external, 
is  rounded,  and  marked  posteriorly  by  a  horizontal  groove  for  the  insertion  of  the 
semimembranosus  muscle.  The  external  tuberosity  forms  at  the  junction  of  its 
anterior  and  outer  surfaces  a  broad  prominent  tubercle,  into  which  the  ilio-tibial 
band  of  the  fascia  lata  is  inserted  ;  at  its  posterior  and  under  part  is  a  small  flat 
surface  for  articulation  with  the  head  of  the  fibula.  The  internal  condylar  surface 
is  oval  in  shape,  larger  than  the  external,  and  slightly  more  hollowed.  The  external 
condylar  surface  is  more  nearly  circular,  and  concave  from  side  to  side,  but  rather 
concavo-convex  (in  some  cases  altogether  convex)  from  before  backwards,  and  is 
prolonged  for  a  short  distance  on  the  posterior  surface  of  the  tuberosity  where 
the  tendon  of  the  popliteus  glides.  The  peripheral  part  of  each  articular 
surface  is  flattened,  and  separated  from  the  condyle  of  the  femur  by  a  semi¬ 
lunar  interarticular  fibro-cartilage.  Between  the  condylar  surfaces  is  an  irregular 
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Fig.  139. — Right  tibia  and  fibula,  from 
BEFORE.  (Drawn  by  T.  W.  P.  Lawrence.)  \ 


Fig.  140. — Right  tibia  and  fiblua,  from 
behind.  (Drawn  by  T.  W.  P.  Lawrence.)  | 
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interval,  depressed  in  front  and  behind,  where  it  gives  attachment  to  the  crucial 
ligaments  and  the  semilunar  tibro-cartilages  of  the  knee-joint,  and  elevated  in  the 
middle,  thus  forming  the  spine,  which  is  received  into  the  intercondylar  notch  of 
the  femur.  The  summit  of  the  spine  presents  two  compressed  tubercles,  with  a 
slight  intervening  hollow,  and  the  condylar  articular  surfaces  are  prolonged  upwards 
on  the  sides  of  the  process.  The  depressed  surface  behind  the  spine  is  continued 
into  a  shallow  excavation — the  popliteal  notch ,  which  separates  the  tuberosities  on 
the  posterior  aspect  of  the  head.  Lower  down  on  the  front  of  the  bone,  at  the 
junction  of  the  head  and  shaft,  is  situated  the  tubercle  or  anterior  tuberosity , 
marked  by  the  attachment  of  the  ligamentum  patellae. 

The  shaft  of  the  tibia  is  three-sided,  and  diminishes  in  size  as  it  descends  for 
about  two-thirds  of  its  length,  but  increases  somewhat  towards  its  lower  extremity. 
The  internal  surface  is  convex  and  for  the  most  part  subcutaneous  ;  at  the  upper 


Fig.  141. — Upper  extremity  op  the  right  Fig.  1 42. — Transverse  section  through  the 
tibia,  prom  above.  (Drawn  by  T.  W.  P.  middle  of  the  bones  of  the  leg,  with  the 

Lawrence.)  §  interosseous  membrane.  (Gr.  D.  T.)  § 

end,  by  the  side  of  the  tubercle,  is  a  slight  roughness  where  the  tendons  of  the 
sartorius,  gracilis  and  semitendinosus  muscles  are  inserted.  It  is  separated  from 
the  external  surface  by  the  anterior  border ,  which  runs  with  a  sinuous  course  from 
the  tubercle  to  the  front  of  the  internal  malleolus,  having  its  concavity  directed 
outwards  above,  and  inwards  below  ;  in  its  upper  two-thirds  it  forms  a  sharp  ridge 
known  as  the  crest  of  the  tibia ;  in  its  lower  third  it  is  smooth  and  rounded.  The 
external  surface  is  slightly  hollowed  in  its  upper  two-thirds,  where  it  lodges  the 
belly  of  the  tibialis  anticus  muscle  ;  but  below  the  point  where  the  crest  disappears 
it  turns  forwards,  becomes  convex,  and  is  covered  by  the  extensor  tendons.  The 
posterior  surface  is  crossed  obliquely  in  its  upper  third  by  the  rough  popliteal  or 
oblique  line ,  which  runs  downwards  and  inwards  from  the  outer  tuberosity,  and  gives 
origin  to  the  soleus  muscle :  above  this  is  a  triangular  area  occupied  by  the  popliteus 
.muscle  ;  while  below  the  line,  in  the  middle  third  of  the  shaft,  a  longitudinal 
ridge  divides  the  surface  into  two  portions,  an  inner  giving  origin  to  the  flexor 
longus  digitorum,  and  an  outer,  larger,  to  the  tibialis  posticus.  A  little  below  the 
oblique  line,  and  external  to  the  longitudinal  ridge,  is  a  large  foramen  for  the 
medullary  artery,  directed  downwards  into  the  bone.  The  posterior  surface  is 
separated  from  the  internal  by  the  internal  border ,  which  is  most  distinct  in  the 
middle  third  of  the  bone,  being  rounded  off  above  and  below,  and  from  the  outer, 
surface  by  the  external  border  or  interosseous  ridge ,  a  prominent  edge  or  line,  inclined 
forwards  above,  to  which  the  interosseous  membrane  is  attached. 

The  inferior  extremity,  much  smaller  than  the  superior,  is  expanded  trans- 
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Tersely,  and  projects  downwards  on  its  inner  side,  so  as  to  form  a  thick  process,  the 
internal  malleolus.  Interiorly  it  presents  for  articulation  with  the  astragalus  a 
cartilaginous  surface,  which  is  quadrilateral,  concave  from  -before  backwards,  and 
having  its  posterior  border  narrower  and  projecting  farth^.’  downwards  than  the 
anterior ;  internally  the  cartilaginous  surface  is  continued  down  in  a  vertical 
direction  upon  the  internal  malleolus,  clothing  its  outer  surface  somewhat  more 
deeply  in  front  than  behind.  The  external  surface  is  hollowed  for  the  reception  of 
the  fibula,  and  rough  for  the  attachment  of  ligament,  except  over  a  small  part  along 
the  lower  border.  The  posterior  surface  of  the  internal  malleolus  is  marked  by  a 
groove  for  the  tendon  of  the  tibialis  posticus,  and  more  externally  is  a  slight 
depression  where  the  tendon  of  the  flexor  longus  hallucis  lies. 

Both  tuberosities  of  the  tibia  are  subcutaneous,  the  external  forming  a  well- 
marked  prominence  at  the  outer  and  fore  part  of  the  knee.  The  internal  surface 
of  the  shaft  is  thinly  covered  for  a  short  distance  at  the  upper  part  by  the  tendons 
of  the  sartorius,  gracilis,  and  semitendinosus,  but  in  the  rest  of  its  extent  it  is 
subcutaneous,  together  with  the  continuous  surface  of  the  internal  malleolus. 
Anteriorly,  the  tubercle  gives  rise  to  a  slight  elevation  below  the  knee,  on  which  the 
body  is  supported  in  kneeling,  and  running  down  from  this  the  crest  is  to  be 
followed,  constituting  the  shin. 

The  femoro-tibial  index  °^‘  ^^a-X  1<~)?  \  is  about  81  in  the  European,  83  in 

\  length  of  femur  / 

the  Negro,  and  86  in  the  Bushman.  The  tibia  is  twisted  so  that  when  the  upper  extremity 
has  its  longest  diameter  directed  transversely,  the  internal  malleolus  is  inclined  forwards  :  the 
■angle  of  torsion  is  commonly  between  6°  and  20°,  but  it  may  range  from  0  to  48°  (Mikulicz, 
Arch.  f.  Anat.,  1878). 

Varieties. — The  shaft  of  the  tibia  is  sometimes  much  compressed  laterally,  and  expanded 
from  before  back,  the  posterior  longitudinal  ridge  being  very  prominent,  so  that  a  transverse 
section  at  the  junction  of  the  upper  and  middle  thirds  has  the  form  of  a  narrow  lozenge  : 
such  a  bone  is  said  to  be  platycnemic.  A  facet  at  the  anterior  margin  of  the  lower  extremity 
for  articulation  with  the  neck  of  the  astragalus  in  extreme  flexion  of  the  ankle-joint  is  rare 
in  Europeans,  but  common  in  some  lower  races.  (Manouvrier,  “  Sur  le  platycnemie,”  &c., 
Mem.  Soc.  d’Anthrop.  Par.,  1888  ;  A.  Thomson,  “  Influence  of  posture  on  the  form  of  the 
tibia,”  &c.,  Journ.  Anat.  xxiii  and  xxiv.) 


THE  FIBULA. 

The  fibula,  or  peroneal  bone ,  is  situated  on  the  outer  side  of  the  leg  ;  it  is  nearly 
equal  to  the  tibia  in  length,  but  is  much  more  slender.  Its  inferior  extremity  is 
placed  a  little  in  advance  of  the  superior  ;  and  its  shaft  is  slightly  curved,  so  as 
to  have  the  convexity  directed  backwards,  and,  in  the  lower  half,  slightly  inwards 
towards  the  tibia. 

The  superior  extremity,  or  head,  somewhat  expanded,  is  produced  upwards  at 
its  hindmost  part  into  a  conical  eminence,  known  as  the  styloid  process  ;  in  front  of, 
and  inside  this  is  a  small  oval  cartilage-covered  facet,  looking  upwards,  inwards  and 
torwards,  for  articulation  with  the  outer  tuberosity  of  the  tibia  ;  while  more  externally 
is  a  slightly  excavated  surface  where  the  tendon  of  the  biceps  femoris  is  inserted : 
the  outer  side  of  the  head  is  smooth  and  subcutaneous.  The  somewhat  constricted 
part  belowr  the  head  is  distinguished  as  the  neck. 

The  inferior  extremity,  or  external  malleolus,  is  longer  and  more  promineDt 
than  the  internal  malleolus  ;  internally  it  forms  the  outer  limit  of  the  ankle  joint, 
and  presents  a  triangular  smooth  surface  for  articulation  with  the  astragalus,  behind 
which  is  a  rough  depression  where  the  posterior  band  of  the  external  lateral  ligament 
is  attached  :  its  anterior  border,  after  projecting  rather  abruptly  forwards,  slopes 
downwards  and  backwards  :  posteriorly  it  is  marked  by  a  shallow  groove  traversed 
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by  the  tendons  of  the  peroneus  longus  and  brevis 
muscles  :  externally  it  is  convex  and  subcutaneous ; 
and  a  triangular  subcutaneous  surface  is  continued 
up  from  it  for  two  or  three  inches  on  the  shaft. 

The  shaft  has  four  surfaces,  separated  by  as 
many  prominent  lines.  Three  of  these  lines  are 
known  as  borders,  the  fourth  is  the  interosseous 
ridge.  The  anterior  "border  is  the  most  prominent ; 
it  commences  at  the  fore  part  of  the  neck,  and 
takes  a  straight  course  down  the  front  of  the  bone 
as  far  as  the  lower  fifth,  where  it  bifurcates,  the 
one  line  running  to  the  front  of  the  malleolus,  the 
other  to  the  back,  and  enclosing  between  them  the 
triangular  subcutaneous  surface.  Immediately  in¬ 
ternal  to  this  is  the  interosseous  ridge ,  so  named 
from  giving  attachment  to  the  interosseous  mem¬ 
brane  ;  it  is  close  to  the  anterior  border  above, 
but  gradually  diverges  from  that  as  it  passes 
downwards ;  it  terminates  about  an  inch  and  a 
half  above  the  ankle-joint  in  the  apex  of  a  tri¬ 
angular  surface,  convex  and  roughened  by  the 
inferior  interosseous  ligament,  fixing  it  to  the  tibia. 
The  external  border  extends  the  whole  length  of 
the  bone,  from  the  styloid  process  to  the  back  of 
the  malleolus,  inclining  inwards  in  its  lower  half. 
The  remaining  border,  internal ,  commences  at  the 
inner  side  of  the  neck,  runs  down  the  shaft  for 
two-thirds  of  its  length,  and  then  ends  by  joining 
the  interosseous  ridge.  The  surfaces  are  : — the 
anterior ,  between  the  anterior  border  and  the  in¬ 
terosseous  ridge,  narrow  above,  wider  below  ;  it 
gives  origin  to  the  extensor  muscles  of  the  toes 
and  the  peroneus  tertius  :  the  external ,  broadest  of 
all,  somewhat  hollowed  at  the  upper  part,  and 
turning  below  to  the  back  of  the  malleolus,  thus 
indicating  the  course  of  the  peronei  muscles,  by 
which  it  is  completely  covered  :  the  posterior,  which 
winds  to  the  inner  side  of  the  bone  in  its  lower 
half ;  in  its  upper  third  it  is  rough,  giving  origin 
to  the  soleus,  while  the  rest  of  its  extent  is  occupied 
by  the  flexor  longus  hallucis  :  and  the  internal , 
between  the  internal  border  and  the  interosseous 
line,  a  fusiform  surface  over  the  upper  two-thirds 
only  of  the  shaft,  and  giving  origin  to  the  tibialis 
posticus  ;  it  is  often  traversed  by  an  oblique  ridge 
which  gives  attachment  to  a  tendinous  septum  in 
the  muscle.  The  foramen  of  the  medullary  artery 
is  small,  placed  on  the  internal  or  posterior  surface, 
about  the  middle,  and  is  directed  downwards. 

The  head  of  the  fibula  projects  under  the  skin 
at  the  outer  and  back  part  of  the  knee,  behind  and 
somewhat  below  the  level  of  the  prominent  outer 
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tuberosity  of  the  tibia.  The  shaft  is  covered  by  muscles,  except  over  the  tri¬ 
angular  surface  above  mentioned.  The  external  malleolus  descends  lower  and  pro¬ 
jects  farther  backwards  than  the  internal,  its  point  being  nearer  to  the  heel  by 
about  three-quarters  of  an  inch. 


THE  TARSUS. 

The  tarsus  is  composed  of  seven  bones,  viz.,  the  calcaneum,  astragalus,  navi¬ 
cular,  three  cuneiform,  and  cuboid. 

The  calcaneum  or  os  calcis  is  the  largest  bone  of  the  foot.  Projecting  down 
wards  and  backwards,  it  forms  the  heel.  Above,  it  articulates  with  the  astragalus, 
and  in  front  with  the  cuboid  bone.  Its  principal  axis  extends  forwards  and 
outwards  from  its  posterior  extremity  to  the  cuboid  bone. 

The  large  posterior  extremity ,  or  tuberosity,  presents  inferiorly  two  tubercles ,  which 
rest  upon  the  ground,  and  of  which  the  internal  is  the  larger  :  its  hinder  surface  is 


A.  B 


Fig.  144. — The  bones  of  the  right  foot  :  A,  from  above  ;  B,  from  below.  (Allen  Thomson.)  § 
a,  navicular  bone  ;  b,  astragalus  ;  c ,  os  calcis  ;  d,  its  tuberosity  ;  e,  internal  cuneiform  ;  f,  middle 
cuneiform  ;  g,  external  cuneiform  ;  h,  cuboid  bone  ;  I  to  V,  the  metatarsal  bones  ;  1,  3,  first  and  last 
phalanges  of  the  great  toe  ;  1,  2,  3,  first,  second,  and  third  phalanges  of  the  second  toe. 

divided  into  an  upper  part,  smooth  and  separated  by  a  bursa  from  the  tendo  Achillis, 
a  middle  part  for  the  attachment  of  the  tendon,  and  a  lower  part,  convex  and 
roughened,  continued  below  on  to  the  tubercles,  and  covered  by  the  thick  skin  and 
fatty  pad  of  the  heel.  The  part  in  front  of  the  tuberosity  forms  a  slightly  con¬ 
stricted  neck.  The  internal  surface  of  the  bone  is  deeply  concave,  and  its  concavity 
is  surmounted  in  front  by  a  flattened  process,  the  sustentaculum  tali ,  which  projects 
inwards  near  the  anterior  extremity  of  the  bone  on  a  level  with  its  upper  surface, 
and  presents  inferiorly  a  groove  occupied  by  the  tendon  of  the  flexor  longus  hallucis. 
The  upper  surface  has  two  articular  facets  for  the  astragalus,  separated  by  an 
oblique  groove  in  which  the  interosseous  ligament  is  attached  ;  the  anterior  facet, 
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PERONEAL 

SPINE 


Fig.  145. — Right  os  calcis,  from  above.  (Gr.  D.  T.) 


often  subdivided  into  two,  is  placed  over  the  sustentaculum,  and  is  concave  ;  the 
other,  posterior  and  external  to  this,  and  larger,  is  convex  from  behind  forwards  and 
outwards  :  the  outer  end  of  the  groove  is  much  widened,  and  at  its  fore  part  is  a 

rough  surface  where  the  extensor 
cuboid  brevis  digitorum  takes  origin.  The 

anterior  extremity  articulates  with 
the  cuboid  bone  by  a  surface  concave 
from  above,  downwards  and  out¬ 
wards,  and  convex  in  the  opposite 
direction  ;  and  internal  to  this,  along 
the  front  of  the  sustentaculum  tali, 
the  internal  calcaneo -navicular  liga¬ 
ment  is  attached.  The  under  surface , 
projecting  in  a  rough  anterior 
tubercle ,  gives  attachment  to  the 
inferior  calcaneo- cuboid  ligaments. 
The  external  surface  is  on  the  whole 
flat,  but  often  presents  at  its  fore  part 
an  oblique  ridge,  the  'peroneal  spine, 
separating  two  slight  grooves,  the 
upper  for  the  tendon  of  the  peroneus 
brevis,  the  lower  for  the  peroneus 
longus. 

The  astragalus,  or  talus,  second 
in  size  of  the  tarsal  bones,  receives 
the  weight  of  the  body  from  the 
leg.  It  articulates  with  the  tibia 
above  and  internally,  the  fibula  ex¬ 
ternally,  the  os  calcis  below,  and  the 
navicular  in  front.  Its  longest  axis 
is  directed  forwards  and  inwards. 
Its  main  part  is  called  the  body,  the 
convex  anterior  extremity  is  the  head, 
and  the  grooved  part  behind  this  is 
the  neclc.  The  superior  articular 
surface  occupies  the  whole  of  the 
upper  aspect  of  the  body,  and  sends 
a  prolongation  downwards  on  each 
of  the  lateral  surfaces  of  the  bone. 
The  middle  part,  looking  upwards 
to  the  tibia,  is  convex  from  before 
backwards,  broader  in  front  than 
behind,  with  its  outer  margin  longer 
than  the  inner,  and  curved,  while 
the  inner  is  straight.  The  inner 
lateral  part  is  narrow,  sick  le-shaped 
and  articulates  with  the  internal  malleolus  ;  the  outer  lateral  part,  much  deeper 
triangular,  and  concave  from  above  down,  articulates  with  the  external  malleolus 
Inferiorly,  there  are  two  smooth  surfaces,  which  articulate  with  the  calcaneum. 
The  posterior  of  these,  the  larger,  concave  from  within  outwards  and  forwards,  is 
separated  by  a  rough  depression  for  the  interosseous  ligament  from  the  convex 
anterior  surface,  which  rests  on  the  sustentaculum  tali.  The  rounded  anterior  sur¬ 
face  of  the  head  articulates  with  the  navicular  bone  :  and  at  the  lower  and  inner 


I  NT.  CALC.  WAV.  LI  CT. 


CALCANEUM 


INTEROSS.  CROOVE 


GROOVE  OF  FLEX.  LONG.  HALL. 


Fig.  146. — Right  astragalus,  from  below.  (Gr.  D.  T.) 
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part,  between  this  and  the  anterior  articulation  with  the  os  calcis,  is  a  facet  which 
rests  upon  the  internal  calcaneo-navicular  ligament,  the  three  forming  one  con¬ 
tinuous  articular  surface.  The  posterior  surface  is  of  small  extent,  and  marked  at 
its  inner  part  by  a  groove  for  the  flexor  longus  hallucis,  which  is  continuous  below 
with  that  of  the  sustentaculum  tali.  Bounding  the  groove  are  two  tubercles,  of 
which  the  internal  is  usually  but  little  marked,  while  the  external  is  more  prominent 
and  gives  attachment  to  the  posterior  band  of  the  external  lateral  ligament  of  the 
ankle-joint. 

The  navicular  or  scaphoid  bone  is  placed  at  the  inner  side  of  the  foot 
between  the  astragalus  and  the  cuneiform  bones.  It  is  elongated  transversely,  and 
compressed  from  before  backwards.  It  presents 
posteriorly  an  articular  concavity  for  the  head  of 
the  astragalus,  and  anteriorly  a  convex  surface 
divided  by  two  lines  converging  below  into  three 
facets,  which  articulate  respectively  with  the  three 
cuneiform  bones.  Its  upper  surface  is  convex 
from  side  to  side  ;  the  lower  is  narrower  and  very 
uneven.  On  the  outer  end  there  is  in  some 
instances  a  small  articular  surface  for  the  cuboid 
bone  ;  the  inner  end  forms  the  prominent  tube¬ 
rosity,  directed  downwards,  and  giving  insertion 
to  the  tendon  of  the  tibialis  posticus  muscle. 

The  cuneiform  bones  are  known  as  first, 
second,  and  third,  from  within  outwards,  or  in¬ 
ternal,  middle  and  external.  They  are  placed  between  the  navicular  bone  and  the 
inner  three  metatarsal  bones,  and  present  anteriorly  and  posteriorly  smooth  surfaces 
for  articulation  with  those  bones.  The  internal  cuneiform  bone  is  the  largest,  the 


TUBEROSITV 


Fig.  147.  —Right  navicular  bone, 

FROM  BEFORE.  (Gr.  D.  T.) 


Fig.  148. — Right  internal  cuneiform  bone  :  A,  inner  view  ;  B,  outer  view.  (G-.  D.  T.) 


middle  is  the  smallest.  The  proximal  ends  of  the  three  bones  are  in  the  same  trans¬ 
verse  line  ;  but  at  their  distal  ends  the  internal  and  external  project  forwards 
beyond  the  middle  one,  and  thus  form  a  deep  recess  into  which  the  base  of  the 
second  metatarsal  bone  is  received. 

The  internal  cuneiform  bone  has  its  sharp  border  directed  upwards,  and 
the  thick  rounded  base  of  the  wedge  projects  downwards  on  the  inner  border  of 
the  foot.  The  anterior  articular  surface,  for  the  first  metatarsal  bone,  is  much 
larger  than  the  posterior,  is  kidney-shaped  and  convex.  The  internal  surface  is 
free,  rather  uneven,  and  marked  by  an  oblique  groove  for  the  tendon  of  the  tibialis 
anticus  muscle,  ending  below  in  an  oval  facet  where  the  larger  part  of  the  tendon  is 
inserted.  On  the  outer  side,  along  the  posterior  and  superior  borders,  is  an  L-shaped 
surface,  which  articulates  with  the  middle  cuneiform,  and  at  its  anterior  extremity 
with  the  second  metatarsal  bone. 
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The  middle  cuneiform  bone  has  its  base  directed  upwards,  and  the  sharp 
edo-e  downwards  towards  the  sole.  The  posterior  end  is  somewhat  broader  than  the 
anterior.  On  the  inner  side  is  an  L-shaped  articular  surface,  corresponding  to  that 

on  the  internal  cuneiform  bone ;  and 
on  the  outer  side  is  a  smaller  facet,  at 
the  posterior  part,  for  the  external 
cuneiform  bone. 

The  external  cuneiform  bone  is 

also  situated  with  its  base  upwards.  At 
its  anterior  end  is  a  triangular  articular 
surface  for  the  third  metatarsal  bone, 
and  continuous  with  this  are  small 
facets  on  the  fore  part  of  each  lateral 
surface,  for  the  second  and  fourth  meta¬ 
tarsal  bones.  On  the  internal  surface ,  at  the  posterior  part,  is  an  articular  facet 
for  the  middle  cuneiform  bone,  and  on  the  outer  surface  a  much  larger  one  for  the 
cuboid  bone. 

The  cuboid  bone  is  situated  on  the  outer  side  of  the  foot,  between  the 


Fig.  149.  — Right  middle  cuneiform  bone  : 
A,  inner  view;  B,  outer  view.  (G-.  D.  T. ) 


Fig.  150. — Right  external  cuneiform  bone:  A,  inner  view;  B,  outer  view.  (Gr.  D.  T.) 

calcaneum  and  the  fourth  and  fifth  metatarsal  bones.  It  deviates  from  the  cuboid 
form  and  becomes  rather  pyramidal,  by  the  sloping  of  four  of  its  surfaces  towards 
the  short,  rounded  external  border.  Posteriorly  it  articulates  with  the  os  calcis,  and 
the  lower  internal  corner  projects  backwards  as  a  conical  process  beneath  the  anterior 


Fig.  151. — Right  cuboid  bone:  A,  inner  view;  B,  outer  view.  (Gr.  D.  T.) 


extremity  of  that  bone.  Its  anterior  surface ,  smaller  than  the  posterior,  is  divided 
into  an  internal  quadrilateral  and  an  external  triangular  facet,  articulating  with  the 
fourth  and  fifth  metatarsal  bones.  On  its  internal  aspect  in  the  middle,  and 
reaching  the  superior  border,  is  a  surface  for  articulation  with  the  external  cuneiform 
bone  ;  and  behind  this,  in  many  instances,  is  a  smaller  facet  articulating  with  the 
navicular,  while  the  remainder  is  rough  for  ligaments.  The  superior  surface, 
looking  upwards  and  outwards,  is  on  the  whole  flat,  but  rather  rough.  On  the 
inferior  surface  is  a  thick  oblique  ridge  or  tuberosity ,  the  outer  end  of  which 
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presents  a  smooth  facet,  covered  with  cartilage  in  the  recent  state,  where  the  tendon 
of  the  peroneus  longus  turns  round  into  the  sole.  Between  the  tuberosity  and  the 
anterior  margin  of  this  surface  is  a  deep  groove,  beginning  at  a  notch  in  the  outer 
border  of  the  bone,  for  the  reception  of  the  tendon.  Behind  the  tuberosity  is  a 
triangular  depressed  area  occupied  by  the  plantar  calcaneo-cuboid  ligament. 

Varieties. — Instances  are  recorded  in  which  the  number  of  tarsal  bones  is  reduced  owing 
to  congenital  synostosis  of  the  os  calcis  and  navicular,  of  the  astragalus  and  os  calcis,  or  of  the 
astragalus  and  navicular.  An  increase  in  number  may  arise  from  the  separation  of  the 
external  tubercle  at  the  back  of  the  astragalus  (os  trigonum — Bardeleben),  or  of  the  tuberosity 
of  the  navicular  bone,  from  the  division  of  the  internal  cuneiform  bone  into  dorsal  and 
plantar  pieces,  and  from  the  presence  of  a  supernumerary  ossicle  at  the  fore  and  inner  part  of 
the  os  calcis,  or  between  the  internal  cuneiform  and  second  metatarsal  bones.  (H.  Leboucq, 
“  De  la  soudure  congenitale  de  certains  os  du  tarse,”  Bull,  de  l’Acad.  Roy.  de  Med.  de  Belgique, 
1890,  103  ;  L.  Stieda,  “  Der  Talus  und  das  Os  trigonum  Bardelebens  beim  Menschen,”  Anat. 
Anzeiger,  1889,  305  ;  W.  Gruber,  “  Os  cuneiforme  I.  bipartitum  beim  Menschen,”  Mem.  Acad. 
St.  Petersburg,  1877  ;  Hartmann  et  Mordret,  “  Anatomie  du  premier  cuneiform,”  Bull.  Soc. 
Anat.  de  Paris,  1889,  71.) 


THE  METATAKSUS. 

The  five  metatarsal  bones  are  distinguished  by  numbers,  according  to  their 
position  from  wdthin  outwards.  They  resemble  the  metacarpal  bones  of  the  hand  in 
being  long  bones,  slightly  convex  from  end  to  end  on  the  dorsal  aspect,  in  having 
differently  shaped  bases,  three-sided  shafts,  and  rounded  heads  which  articulate 
with  the  phalanges.  They  also  agree  with  the  metacarpal  bones  in  the  number  of 
bones  with  which  each  articulates. 

The  first  metatarsal  bone  is  the  shortest,  but  is  much  thicker  and  more 
massive  than  the  others.  On  its  base  is  a  large  kidney-shaped  surface,  slightly 

concave,  for  articulation  with  the  internal  cunei¬ 
form  bone,  and  sometimes  there  occurs  a  small 
facet  on  the  outer  side  for  the  second  metatarsal 
bone.  The  lower  part  of  the  base  forms  the  tube¬ 
rosity,  which  projects  downwards  and  outwards  in 
the  sole,  and  is  marked  on  its  outer  side  by  a 
rounded  impression  for  the  peroneus  longus  :  on 
the  inner  side  is  a  smaller  mark  where  a  slip  of  the 
tibialis  anticus  is  inserted.  Of  the  three  surfaces 


GROOVES  or  SESAMOID  BONES 
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Pig.  152. — First  metatarsal  bone  of 

HIGHT  FOOT  :  PLANTAR  ASPECT.  (G.  D.  T.) 


Fig.  153. — Bases  of  the  metatarsal  bones, 

FROM  BEHIND.  (G.  D.  T.) 


of  the  shaft,  the  superior ,  which  looks  also  inwards,  is  oblong  and  convex,  the 
inferior  is  concave,  and  the  external ,  the  largest,  is  triangular  and  flattened.  The 
head  is  large,  and  has  on  its  under  surface  a  median  ridge,  separating  two  grooves  in 
which  the  sesamoid  bones  glide. 
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Fig.  154. — Second,  third,  and  fourth  metatarsal  bones  of  the  right  foot  :  A,  from  inner. 

SIDE  ;  B,  FROM  OUTER  SIDE.  (Gr.  D.  T.) 

The  remaining  four  bones  are  distinguished  from 
the  metacarpal  bones  by  being  more  slender  and 
compressed  from  side  to  side,  corresponding  to  the 
narrower  form  of  the  foot  compared  with  that  of 
the  hand.  The  second  is  the  longest ;  the  others 
diminish  gradually  to  the  fifth.  Their  shafts  pre¬ 
sent  in  the  greater  part  of  their  extent  a  prominent  border 
looking  upwards,  which  in  the  middle  three  appears  on 
the  back  of  the  foot  between  the  dorsal  interosseous 
muscles  on  each  side.  Their  heads  are  elongated  from 
above  down,  and  terminate  below  in  two  small  projec¬ 
tions  ;  on  each  side  is  a  tubercle  and  depression  for  the 
attachment  of  the  lateral  ligament.  The  bases  differ  in 
the  several  bones,  and  thus  furnish  distinctive  cha¬ 
racters  between  them.  The  second  has  a  triangular  base, 
which  articulates  with  the  middle  cuneiform  bone  ;  on  the 
inner  side  is  a  small  facet  for  the  internal  cuneiform,  and 
sometimes,  below  and  in  front  of  this,  a  less  distinct 
surface  for  the  first  metatarsal  bone  ;  on  the  outer  side 
there  are  usually  two  small  surfaces,  an  upper  and  a 
lower,  each  again  subdivided  into  two,  thus  making  four 
facets,  of  which  the  two  posterior  articulate  with  the 
external  cuneiform,  and  the  two  anterior  with  the  next 
metatarsal  bone.  The  third  has  also  a  triangular  base  articulating  with  the  external 
cuneiform  bone  ;  on  the  inner  side  are  usually  two  facets  for  the  second,  and  on  the 
outer  side  a  single  larger  facet  for  the  fourth  metatarsal  bone.  The  base  of  the  fourth 
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is  oblong  or  oval,  and  articulates  with  the  cuboid  ;  on  the  inner  side  is  generally  a 
double  facet  for  the  third  metatarsal  and  the  external  cuneiform  bones,  but  the  arti¬ 
culation  with  the  latter  is  sometimes  absent ;  and  on  the  outer  side  is  a  single  surface 
for  the  fifth  metatarsal  bone,  with  a  deep  groove  below  it.  The  fifth,  articulates  by 
its  base  with  the  cuboid,  and  internally  with  the  fourth  metatarsal  bone,  while 
externally  it  projects  in  a  large  rough  tuberosity ,  into  which  the  peroneus  brevis 
muscle  is  inserted. 


Variety. — In  some  rare  cases  an  independent  ossicle  has  been  found  taking-  the  place  of 
the  tuberosity  of  the  fifth  metatarsal  bone  (W.  Gruber,  Virchow’s  Archiv,  xcix,  460  ;  Ch. 
Debierre,  Bull.  Soc.  Anat.  de  Paris,  1888,  392). 

THE  PHALANGES. 

The  phalanges  of  the  toes  correspond  so  nearly  in  general  conformation  with 
those  of  the  fingers  that  it  will  only  be  necessary  in  this  place  to  state  the  points  in 
which  they  differ  from  the  latter. 

The  phalanges  of  the  four  outer  toes  are  much  smaller  than  the  corresponding  pha¬ 
langes  of  the  hand  ;  but  those  of  the  great  toe  are  larger  than  those  of  the  thumb. 
The  shats  of  the  first  row  of  phalanges  in  the  four  outer  toes  are 
compressed  laterally  and  narrowed  in  the  middle  ;  those  of  the 
second  row,  more  especially  in  the  fourth  and  fifth  toes,  are  very 
short,  their  length  scarcely  exceeding  their  breadth.  The  last  two 
phalanges  of  the  little  toe  are  frequently  connected  by  bone  into 
one  piece.1 

Sesamoid  bones. — Two  sesamoid  bones,  developed  in  the 
tendons  of  the  flexor  brevis  hallucis,  lie  side  by  side  in  the 
plantar  wall  of  the  first  metatarso-phalangeal  joint,  and  glide  in 
the  grooves  on  the  head  of  the  first  metatarsal  bone.  Small 
sesamoid  bones  sometimes  occur  in  the  corresponding  joints  of 
the  other  toes. 

THE  BONES  OP  THE  FOOT  AS  A  WHOLE. 

The  foot  is  narrowest  at  the  heel,  and  as  it  passes  forward 
becomes  broader  as  far  as  the  heads  of  the  metatarsal  bones. 

The  posterior  extremity  of  the  calcaneum  is  inclined  slightly 
inwards.  The  astragalus,  overhanging  the  sustentaculum  tali, 
inclines  inwards  from  the  calcaneum  so  much  that  its  external 
superior  border  is  directly  over  the  middle  line  of  the  calcaneum, 
and  hence  the  internal  malleolus  appears  more  prominent  than  the 
external.  The  foot  is  arched  from  behind  forwards,  the  posterior  pier  of  the  arch  being 
formed  by  the  heel,  the  anterior  by  the  heads  of  the  metatarsal  bones.  The  arch, 
indeed,  may  be  considered  as  double  in  front,  with  a  common  support  behind.  The 
internal  division  of  the  arch  is  that  which  bears  the  greater  part  of  the  weight  of 
the  body,  and  is  most  raised  from  the  ground  ;  it  consists  of  the  posterior  two-thirds 
of  the  calcaneum,  the  navicular  and  cuneiform  bones,  and  the  three  inner  metatarsal 
bones  ;  the  outer  arch  is  formed  by  the  calcaneum  in  its  whole  length,  the  cuboid 
bone,  and  the  fourth  and  fifth  metatarsal  bones.  Besides  being  arched  longitudinally, 
the  foot  presents  likewise  a  transverse  arch,  formed  behind  by  the  cuboid  and  three 
cuneiform  bones,  and  in  front  by  the  metatarsal  bones. 


Fig.  156.  —  Pha¬ 
langes  OF  SECOND 
TOE  :  PLANTAR 

ASPECT.  (G.D.T.) 


1  W.  Pfitzner  found  this  union  in  about  36  per  cent. ,  and  as  frequently  in  infants  as  in  adults 
Arch.  f.  Anat.,  1890,  12). 
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OSSIFICATION  OF  THE  BONES  OF  THE  LOWER  LIMB. 

Hip-bone. — The  hip-bone  is  formed  from  the  three  principal  pieces  previously  mentioned, 
viz.,  the  ilium,  ischium,  and  os  pubis,  and  from  various  others  of  an  epiphysial  nature.  Ossifi¬ 
cation  commences  in  the  cartilage  of  the  ilium  a  little  later  than  in  other  large  bones,  the 
deposit  of  bone  beginning  above  the  ilio-sciatic  notch  in  the  8th  or  9th  week.  This  is  followed 


Fig.  157. — Ossification  of  the  hip-bone.  (R.  Quain.) 

A,  the  condition  of  the  bone  at  birth.  Bone  has  spread  from  three  nuclei  into  the  ilium,  ischium, 
and  pubis,  which  meet  in  the  cartilage  of  the  acetabulum. 

B,  from  a  child  under  six  years  of  age.  The  rami  of  the  ischium  and  pubis  are  farther  ossified,  but 
still  separate. 

C,  a  bone  of  two  or  three  years  later,  in  which  the  rami  are  united. 

D,  the  bone  of  the  right  side  from  a  person  of  about  twenty  years.  Union  has  taken  place  in  the 
acetabulum,  and  the  additional  epiphyses  are  seen  on  the  crest  of  the  ilium,  the  anterior  inferior  spine, 
the  ischial  tuberosity,  and  the  margin  of  the  symphysis  pubis. 

In  A,  B,  and  C,  1,  ilium  ;  2,  ischium  ;  3,  pubis  ;  in  D,  5,  epiphysis  of  the  crest ;  6,  that  of  the  tube¬ 
rosity  of  the  ischium  ;  7,  that  of  the  symphysis  pubis  ;  8,  that  of  the  anterior  inferior  spine  of  the  ilium. 


by  similar  deposits  in  the  thick  part  of  the  ischium  below  the  acetabulum  in  the  3rd  month, 
and  in  the  superior  ramus  of  the  pubis  in  the  4th  or  5th  month.  At  birth  the  greater  part  of 
the  acetabulum,  the  crest  of  the  ilium,  the  tuberosity  and  ramus  of  the  ischium,  the  body  and 
inferior  ramus  of  the  pubis  are  still  cartilaginous  ;  ossification  from  the  three  primary  centres 
has  however  extended  into  the  margin  of  the  acetabulum.  In  the  7th  or  8th  year  the  rami  of 


Fig.  158. — Acetabular  region  of  the  hip-bone 
AT  14  YEARS  OF  AGE.  (G.  D.  T.)  \ 

1,  ilium;  2,  ischium;  3,  pubis;  4,  os  acetabuli ; 
5,  bony  nodules  between  ilium  and  ischium ;  6  and 
7,  epiphysial  laminae  on  ilium  and  ischium. 

the  ischium  and  pubis  become  completely  united 
by  bone.  In  the  acetabulum  the  three  parts  are 
still  separated  by  a  Y-shaped  strip  of  cartilage, 
which  is  continuous  with  that  lining  the  cavity. 
This  cartilage  begins  to  be  ossified  from  several 
centres  about  the  12th  year.  The  most  constant  of 
these  gives  rise  to  a  triangular  piece  of  bone  at  the 
fore  part  of  the  acetabulum,  which  is  known  as 
the  os  acetabuli ,*  and  forms  the  whole  of  the  so- 
called  pubic  portion  of  the  articular  cavity.  It 
becomes  united  first  with  the  pubis,  and  later  with 
the  ilium  and  ischium.  Between  the  ilium  and 
ischium  there  are  only  some  irregular  nodules  of  bone,  and  other  small  osseous  points  form  a 
more  or  less  perfect  lamina  over  the  iliac  and  ischial  portions  of  the  articular  surface.  The 
union  of  the  several  portions  in  the  acetabulum  is  completed  from  the  18th  to  the  20th  year. 

1  W.  Leche,  Internat.  Monatschr.  f.  Anat.  u.  Histol.,  1884,  363  ;  W.  Krause,  ib.}  1885,  150. 
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Epiphyses  are  likewise  formed  in  the  cartilage  of  the  crest  of  the  ilium,  the  tuberosity  of  the 
ischium,  the  anterior  inferior  spine  of  the  ilium,  and  the  symphysis  pubis.  These  begin  to 
ossify  soon  after  puberty,  and  unite  with  the  main  bone  from  the  23rd  to  the  25th  year. 

The  pelvis  of  the  foetus  and  young  child  is  of  very  small  capacity  in  proportion  to  the  size 
of  the  body,  and  those  viscera  which  are  afterwards  contained  for  the  most  part  in  the  true 


Fig.  159. — Ossification  of  the  femijr.  (R.  Quain.) 


A,  from  a  foetus  under  eight  months  ;  the  body  is  osseous,  both  ends  are  cartilaginous. 

B,  from  a  child  at  birth,  showing  a  nucleus  in  the  lower  epiphysis. 

C,  from  a  child  of  about  a  year  old,  showing  a  nucleus  in  the  head. 

D,  at  the  fifth  year  ;  a  nucleus  has  appeared  in  the  great  trochanter. 

E,  near  the  age  of  puberty,  showing  a  nucleus  in  the  lesser  trochanter. 

1,  shaft  ;  2,  lower  extremity  ;  3,  head  ;  4,  great  trochanter  ;  5,  small  trochanter. 

O,  D,  &  E  are  represented  considerably,  A  &  B  very  little,  under  the  natural  size. 


Fig.  160. — Ossification  of  the  tibia.  (R.  Quain.) 

A,  some  weeks  before  birth  ;  the  shaft  is  ossified,  the  ends  are  cartilaginous. 

B,  at  birth,  showing  a  nucleus  in  the  upper  epiphysis. 

C,  at  the  third  year,  showing  the  nucleus  of  the  lower  epiphysis. 

D,  at  about  eighteen  or  twenty  years,  showing  the  lower  epiphysis  united,  while  the  upper  remains 
Separate.  The  upper  epiphysis  is  seen  to  include  the  tubercle. 

E,  shows  an  example  of  a  separate  centre  for  the  tubercle. 

1,  shaft  ;  2,  superior  epiphysis  ;  2*,  separate  centre  for  the  tubercle  ;  3,  inferior  epiphysis. 

pelvis  occupy  a  part  of  the  abdominal  cavity.  The  inclination  of  the  pelvis  is  considerably 
greater  in  early  life  than  in  the  adult. 

The  femur  is  developed  from  one  principal  ossific  centre  for  the  shaft  which  appears  in  the 
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7th  week,  and  from  four  epiphyses,  the  centres  for  which  appear  in  the  following'  order  : — A 
single  nucleus  for  the  lower  extremity  appears  shortly  before  birth,  one  for  the  head  appears 
in  the  1st  year,  one  for  the  great  trochanter  in  the  4th  year,  and  one  for  the  small  trochanter 
in  the  13th  or  14th  year.  These  epiphyses  become  united  to  the  shaft  in  an  order  the  reverse- 
of  that  of  their  appearance.  The  small  trochanter  is  united  about  the  17th  year,  the  great 
trochanter  about  the  18th  year,  the  head  from  the  18th  to  the  19th  year,  and  the  lower  ex¬ 
tremity  soon  after  the  20th  year.  The  neck  of  the  femur  is  formed  by  extension  of  ossification 
from  the  shaft. 

The  patella  is  formed  in  the  3rd  month  by  a  deposit  of  cartilage  in  the  tendon  of  the 
quadriceps  extensor  cruris  muscle.  In  this  cartilage  ossification  begins  from  a  single  centre^ 
during  the  3rd  year,  and  is  completed  about  the  age  of  puberty. 


Fig.  161. — Ossification  of  the  fibula.  (R.  Quain.) 

A,  at  birth  ;  the  shaft  is  ossified,  the  ends  are  cartilaginous. 

B,  at  two  years,  showing  a  nucleus  in  the  lower  epiphysis. 

C,  at  about  four  years,  showing  the  nucleus  of  the  upper  epiphysis  ;  the  lower  ought  to  have  been-, 
shown  as  more  advanced. 

D,  at  about  twenty  years  ;  the  lower  end  is  complete,  but  the  upper  epiphysis  is  still  separate. 

1,  shaft ;  2,  lower  epiphysis  ;  3,  upper  epiphysis. 


The  tibia  and  fibula  each  present,  besides  the  principal  centre  for  the  shaft,  a  superior 
and  an  inferior  epiphysis.  In  the  tibia  the  centre  for  the  shaft  appears  in  the  7th  week  ;  that 
for  the  upper  extremity,  including  both  tuberosities  and  the  tubercle,  appears  most  frequently 
before,  but  sometimes  after  birth  ;  and  that  for  the  inferior  extremity  and  internal  malleolus 
appears  in  the  2nd  year.  The  tubercle  is  occasionally  formed  from  a  separate  centre.  The 
lower  epiphysis  and  shaft  unite  in  the  18th  or  19th  year,  the  upper  epiphysis  and  shaft  in  the 
21st  or  22nd  year.  In  the  fibula  the  centre  for  the  shaft  appears  rather  later  than  in  the  tibia ; 
that  for  the  lower  extremity  appears  in  the  2nd  year,  and  that  for  the  upper,  unlike  that  of  the 
tibia,  not  till  the  3rd  or  4th  year.  The  lower  epiphysis  and  shaft  unite  about  the  21st  year, 
the  upper  epiphysis  and  shaft  about  the  24th  year. 

The  fibula  in  the  embryo  at  an  early  period  is  nearly  as  large  as  the  tibia,  and  also  articu¬ 
lates  with  the  femur.  The  tibial  malleolus  on  the  other  hand  is  up  to  the  seventh  month  of 
foetal  life  longer  than  the  fibular ;  and  the  marked  preponderance  of  the  fibular  malleolus, 
which  is  peculiar  to  man,  is  only  acquired  after  birth  (Gegenbaur). 

The  tarsal  bones  are  ossified  in  cartilage  each  from  a  single  nucleus,  with  the  exception  of 
the  os  calcis,  which  in  addition  to  its  proper  osseous  centre,  has  an  epiphysis  upon  its  posterior 
extremity.  The  principal  nucleus  of  the  os  calcis  appears  in  the  6th  month  of  foetal  life  ;  its 
epiphysis  begins  to  be  ossified  in  the  10th  year,  and  is  united  to  the  tuberosity  in  the  15th  or 
16th  year.  The  nucleus  of  the  astragalus  appears  in  the  7th  month  ;  that  of  the  cuboid  about 
the  time  of  birth  ;  that  of  the  external  cuneiform  in  the  1st  year  ;  that  of  the  internal  cunei¬ 
form  in  the  3rd  year;  that  of  the  middle  cuneiform  in  the  4th  year  ;  and  that  of  the  navicular 
in  the  4th  or  5-th  year. 

The  metatarsal  bones  and  phalanges  agree  respectively  with  the  corresponding  bones  of 
the  hand  in  the  mode  of  their  ossification.  Each  bone  is  formed  from  a  principal  piece  and 
one  epiphysis  ;  and  while  in  the  four  outer  metatarsal  bones  the  epiphysis  is  at  the  distal  ex- 
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tremity,  in  the  metatarsal  bone  of  the  great  toe  and  in  the  phalanges  it  is  placed  at  the 
proximal  extremity.  In  the  first  metatarsal  bone  there  is  frequently,  as  in  the  first  metacarpal 
(see  p.  109),  also  a  second  or  distal  epiphysis  ;  and  in  some  instances  a  proximal  epiphysis  is 
formed  on  the  tuberosity  of  the  fifth  metatarsal  bone  (Gruber).  In  the  metatarsal  bones  the 
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Fig.  162.— Ossification  of  the  bones  of  the  foot.  (ft.  Quain.) 


A,  right  foot  of  a  foetus  of  six  months  ;  the  metatarsal  bones  and  digital  phalanges  have  each  their 
shafts  ossified  from  their  primary  centres  ;  the  tarsus  is  wholly  cartilaginous,  excepting  the  os  calcis,. 
in  which  the  nucleus  of  hone  has  just  appeared. 

B,  foot  of  a  foetus  of  seven  or  eight  months  ;  the  astragalus  shows  a  nucleus. 

C,  from  a  child  at  birth  ;  the  cuboid  has  begun  to  ossify. 

D,  about  a  year  old,  showing  a  nucleus  in  the  external  cuneiform. 

E,  in  the  third  year  ;  ossification  has  reached  the  internal  cuneiform. 

F,  about  four  years  old,  showing  ossification  in  the  middle  cuneiform  and  navicular  bones,  and  in  the 
epiphyses  of  the  metatarsal  bones  and  phalanges. 

Gr,  about  the  age  of  puberty  ;  ossification  is  nearly  complete  in  the  tarsal  bones  ;  an  epiphysis  has 
been  formed  on  the  tuberosity  of  the  os  calcis,  and  the  epiphyses  of  the  metatarsal  bones  and  phalanges 
are  shown  separate. 

1,  nucleus  of  the  os  calcis  ;  1*  in  G,  the  epiphysis  of  the  os  calcis  ;  2,  nucleus  of  the  astragalus  ;  3,  of 
the  cuboid  ;  4,  of  the  external  cuneiform  ;  5,  of  the  internal  cuneiform  ;  6,  of  the  navicular  ;  7,  of  the 
middle  cuneiform  ;  8,  metatarsal  bones  ;  8*,  distal  epiphysis  of  the  second  metatarsal  bone  ;  8',  proximal 
epiphysis  of  the  first  ;  9,  first  phalanx  of  the  second  toe  ;  9*,  proximal  epiphysis  of  this  phalanx  ;  9', 
that  of  the  first  phalanx  of  the  great  toe  ;  10,  second  phalanx  ;  10*,  the  epiphysis  of  this  phalanx  ; 
10',  epiphysis  of  the  terminal  phalanx  of  the  great  toe  ;  11,  terminal  phalanx  ;  11*,  its  epiphysis. 

nuclei  of  the  shafts  appear  in  the  8th  or  9th  week.  The  epiphyses  appear  from  the  3rd  to  the 
8th  year,  and  unite  with  the  shafts  from  the  18  th  to  the  20th  year.  The  nuclei  of  the  shafts 
of  the  phalanges  appear  in  the  9th  or  10th  week.  The  epiphyses  appear  from  the  4th  to  the 
8th  year,  and  unite  with  the  shafts  from  the  19th  to  the  21st  year. 
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In  the  infant  the  head  of  the  astragalus  is  directed  more  inwards  than  in  the  adult,  and 
the  foot  is  naturally  inverted.  The  first  metatarsal  bone  is  also  relatively  short  in  the  foetus, 
and  at  first  is  inclined  inwards  from  the  internal  cuneiform  bone,  the  distal  articular  surface 
of  which  is  oblique.  In  these  respects  the  young  foot  is  more  like  that  of  the  ape.  (Leboucq, 
« Le  developpement  du  premier  metatarsien  et  de  son  articulation  tarsienne  chez  rhomme,” 
Arch,  de  Biologie,  iii,  335.) 


MORPHOLOGY  OF  THE  BONES  OF  THE  LIMBS. 

Relation  to  the  axial  skeleton. — Anatomists  have  generally  agreed  to  look  upon  the  relation 
which  the  bones  of  the  limbs  bear  to  the  rest  of  the  skeleton  as  that  of  appendages  to  the 
trunk,  and  most  are  also  disposed  to  regard  these  appendages  as  similar  radiations  or  extensions 
from  one  or  more  of  the  vertebral  segments  in  two  determinate  situations  of  the  trunk.  But 
opinions  are  much  divided  as  to  the  typical  number  of  the  vertebral  segments  which  are  in¬ 
volved.  and  as  to  the  exact  morphological  nature  of  the  parts  which  form  the  radiations.  The 
quinquifid  division  of  the  peripheral  parts  of  both  limbs  in  man  and  many  animals  appears 
favourable  to  the  view  that  each  has  the  elements  of  five  segments  prqlonged  into  it ;  but  of 
late  years  attention  has  been  specially  directed  by  K.  Bardeleben  and  others  to  certain  mar¬ 
ginal  structures  which  are  interpreted  as  vestiges  of  more  or  less  completely  suppressed  digits, 
and  there  seems  reason  for  believing  that  the  pentadactyle  extremity  has  been  preceded  by  a 
heptadactyle  form.  In  association  with  this  it  may  be  noticed  also  that  the  nerves  entering 
into  the  proper  limb-plexuses  are  in  each  case  seven,  viz.,  the  4th.  5th,  6th,  7th  and  8th 
cervical,  with  the  1st  and  2nd  dorsal,  in  the  brachial  plexus,  and  the  2nd,  3rd,  4th  and  5th 
lumbar,  with  the  1st,  2nd  and  3rd  sacral  in  the  crural  plexus.  It  is  farther  generally  held 
that  the  constituent  elements  follow  each  other  in  a  similar  order  in  the  two  limbs  from  the 
cephalic  to  the  caudal  part  of  the  vertebral  axis,  so  that  the  pollex  and  radial  elements  occupy 
the  cephalic  side  of  the  upper,  while  the  hallux  and  tibia  take  the  same  place  in  the  lower 
limb. 

Homological  comparison  of  upper  and  lower  limbs. — A  certain  anatomical  correspond¬ 
ence  between  the  upper  and  lower  limbs,  which  is  apparent  to  common  observation,  is 
admitted  in  even  a  fuller  degree  by  most  anatomists  as  a  result  of  a  careful  comparison  of  the 
form  and  relations  of  their  bones,  as  well  as  of  their  other  parts,  in  both  their  embryonic  and 
fully  formed  conditions ;  and  the  general  conclusion  has  been  formed  that  the  thoracic  and 
pelvic  limbs  are  constructed  on  the  same  general  type  in  man  and  animals,  both  as  regards 
the  attaching  girdles  of  the  shoulder  and  pelvis,  and  in  the  three  several  sections  of  which 
each  limb  is  composed.  There  are,  however,  certain  modifications  of  that  general  plan, 
leading  to  considerable  differences  in  the  form,  size,  and  number  of  the  individual  parts  in 
different  animals,  which  appear  to  be  in  a  great  measure  related  to  the  different  uses  to  which 
the  upper  and  lower  limbs  are  respectively  applied  ;  as,  for  example,  in  the  upper  limb  of 
man,  the  breadth  of  the  shoulders,  caused  by  the  interposition  of  the  clavicle,  the  greater 
extent  of  motion  in  the  shoulder-joint,  the  eversion  of  the  humerus,  and  the  forward  flexed 
attitude  of  the  elbow- joint,  the  arrangements  for  pronation  and  supination  by  rotation  of  the 
radius  and  hand,  and  the  opposability  of  the  thumb,  all  have  reference  to  the  freedom, 
Versatility,  and  precision  of  the  movements  of  the  upper  limb  as  an  organ  of  prehension  and 
touch ;  while  in  the  lower  limb,  the  comparatively  fixed  condition  and  arched  form  of  the 
pelvic  girdle,  the  greater  strength  of  the  bones,  the  close-fitting  of  the  hip- joint,  the  inversion 
of  the  femur,  the  backward  flexure  of  the  knee-joint,  the  arched  form  of  the  foot,  and  non- 
opposability  of  the  great  toe,  have  all  manifest  relation  to  the  support  of  the  trunk  and 
pelvis,  and  their  movements  upon  the  lower  limbs.  In  the  lower  animals,  greater  modifica¬ 
tions  in  the  form  of  both  limbs  are  to  be  observed,  obviously  adapted  to  their  different 
functions  in  each  case. 

Without  attempting  to  follow  out  this  subject  by  any  detailed  reference  to  comparative 
anatomy  or  development,  it  may  be  useful  to  state  here  shortly  the  more  probable  conclusions 
which  have  been  formed  with  respect  to  the  homological  correspondence  of  the  several  parts 
of  the  upper  and  lower  limbs. 

Shoulder  and  pelvic  girdles. — In  each  of  these  a  division  is  to  be  recognized  at  the  place 
of  attachment  of  the  limb-stalk  (shoulder  and  hip-joints)  into  a  dorsal  and  a  ventral  section. 
The  dorsal  section  in  the  upper  limb  is  the  scapula,  in  the  lower  limb  the  ilium,  which 
accordingly  correspond,  the  chief  difference  between  them  consisting  in  the  scapula  being 
free  from  articulation  with  the  vertebral  column ,  and  therefore  capable  of  a  considerable 
degree  of  motion,  while  the  ilium  is  firmly  jointed  to  the  lateral  mass  of  the  sacrum.  The 
ventral  section  'is  in  each  case  double,  including  the  clavicle  and  coracoid  in  the  shoulder- 
girdle.  and  the  pubis  and  ischium  in  the  pelvic  girdle.  It  is  generally  admitted  that  the 
coracoid  and  ischium  are  corresponding  structures,  the  coracoid  being  reduced  to  a  relatively 
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small  process  in  man  and  most  mammals,  but  forming-  a  larg-e  and  important  bone  which 
reaches  the  sternum  in  monotremata  and  many  lower  vertebrates.  The  pubis  appears  to  be 
represented  most  closely  by  the  precoracoid  of  reptiles  and  amphibia,  while  the  clavicle  is  not 


Figs.  163  &  164. — Sketch  of  the 

BONES  OF  THE  THORACIC  AND 

PELVIC  LIMBS,  SO  PLACED  AS  TO 

SHOW  CORRESPONDING-  PARTS  IN 

both.  (Allen  Thomson.) 

The  preaxial  borders  of  both  limbs 
are  towards  the  reader’s  right  hand, 
and  the  original  dorsal  or  extensor  sur¬ 
faces  are  shown  throughout  their  whole 
extent.  The  somewhat  artificial  re¬ 
presentation  given  in  these  figures 
cannot  be  obtained  from  a  single 
view  of  the  specimens  in  one  posi¬ 
tion,  but  it  is  easily  brought  out  by 
slightly  shifting  the  bones  or  changing 
the  point  of  view.  The  humeral 
tuberosities  are  separated  so  as  to 
show  them  on  the  borders  of  the 
bone.  Fig.  163.  Thoracic  limb  ; 
ssp,  supraspinous  or  prescapular  fossa; 
isp,  infraspinous  or  postscapular 
fossa  ;  ssc,  a  small  part  of  the  subsca¬ 
pular  fossa  ;  bs,  base  of  scapula  ;  sa, 
superior  angle  ;  ia,  inferior  angle  ; 
sp,  spine  ;  ac,  acromion  ;  cr,  coracoid 
process  ;  gb ,  glenoid  border  with  place 
of  attachment  of  triceps  muscle  ;  gc, 
glenoid  cavity  ;  h ,  humerus,  preaxial 
border  ;  tm,  large  or  preaxial  tube¬ 
rosity  ;  tp ,  small  or  postaxial  tube¬ 
rosity  ;  cr,  radial  condyle  ;  cu,  ulnar 
condyle  ;  r,  radius  ;  u,  ulna  ;  o, 
olecranon  ;  px,  pollex  and  preaxial 
side  ;  pi,  pisiform  and  postaxial  side 
of  hand.  Fig.  164.  Pelvic  limb  ; 
ss,  sacral  surface  of  ilium  ;  il,  iliac 
fossa;  di,  a  small  part  of  the  dorsum  ilii 
or  gluteal  surface  ;  ic,  crest  of  ilium  ; 
as,  anterior  superior  spine  ;  ipl, 
ilio-pectineal  line  ;  ep,  ilio-pectineal 
eminence  ;  is,  anterior  inferior  spine 
and  attachment  of  rectus  muscle  ;  cc, 
cotyloid  cavity  ;  sp,  symphysis  pubis ; 
isc,  ischium  ;  f,  femur,  its  preaxial 
border  ;  trp,  lesser  or  preaxial  tro¬ 
chanter  ;  trm,  greater  or  postaxial 
trochanter  ;  ct,  tibial  condyle  ;  cf, 
fibular  condyle  ;  p,  patella  ;  t,  tibia  ; 
it,  tubercle  of  tibia ;  fi,  fibula  ; 
hx,  hallux  and  preaxial  side  of  foot  ; 
ca,  calcaneal  tuberosity. 

repeated  in  the  pelvic  girdle ;  it 
is,  however,  held  by  many  anato¬ 
mists  that  the  mammalian  clavicle 
corresponds  morphologically  to  the 
reptilian  precoracoid,  and  there¬ 
fore  is  also  the  representative  of 
the  pubis. 

With  reg-ard  to  the  comparison  to  be  established  between  the  individual  parts  of  the- 
scapula  and  ilium  there  is  much  difference  of  opinion,  but  an  examination  of  the  simpler 
forms  of  these  bones  in  some  of  the  lower  animals,  and  a  g-eneral  consideration  of  their 
relations  give  support  to  the  view  adopted  by  Flower  as  the  more  probable.1  The  scapula  and 


Flower,  Journ.  Anat.,  iv,  and  “Osteology  of  the  Mammalia.”  For  different  views,  see  Humphry,. 
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ilium  may  be  regarded  as  consisting  essentially  of  three-sided  prismatic  rods,  in  the  primitive 
position  of  which  an  internal  or  vertebral  surface  is  separated  from  two  external  surfaces  by 
preaxial  and  postaxial  ridges,  and  the  two  external  surfaces  are  separated  by  an  external 
ridge,  which  descends  from  the  dorsal  extremity  of  the  bone  to  the  joint-socket.  It  is 
on  this  external  ridge,  glenoid  in  the  scapula  and  cotyloid  in  the  ilium,  that  in  each  case 
the  long  head  of  the  great  extensor  muscle  of  the  limb  is  attached.  The  primitive  arrange¬ 
ment  is  modified  in  two  ways,  viz.,  1st,  by  the  outgrowth  to  a  greater  or  less  extent  of  the 
edges  of  the  rod,  thus  giving  rise  to  fossae  in  the  situation  of  the  original  surfaces,  and  2nd, 
by  the  occurrence  of  a  rotation  in  different  directions  in  the  two  limbs,  the  scapula  outwards, 


Fig.  165. — Diagram  op  an  early  human 

EMBRYO,  SHOWING  THE  RUDIMENTARY 
LIMBS  IN  THEIR  SECOND  POSITION.  (Allen 
Thomson. ) 

r,  preaxial  or  radial  and  pollex  border  of 
the  thoracic  limb  ;  u,  its  postaxial  or  ulnar 
and  little  finger  border  ;  t,  preaxial  or 
tibial  and  hallux  border  of  the  pelvic  limb  ; 
/,  its  postaxial  or  fibular  and  little  toe 
border. 


the  ilium  inwards,  in  accordance  with  the  rotation  which  takes  place  during  the  course  of 
development  in  the  free  part  of  the  limb.  The  primitive  vertebral  surface  of  the  scapula 
becomes  the  prescapular  or  supraspinous  fossa,  while  in  the  ilium  the  corresponding  surface 
is  the  sacral,  which,  being  connected  to  the  vertebral  column,  undergoes  but  little  change  in 
position.  The  postscapular  or  infraspinous  fossa  of  the  scapula  is  accordingly  represented  by 
the  iliac  fossa  of  the  ilium,  and  the  subscapular  fossa  by  the  gluteal  surface.  (See  the  table 
of  homologous  parts  below.) 

Bones  of  the  limbs. — In  making  the  comparison  of  the  bones  composing  the  limbs  them- 
:  selves,  it  is  necessary  to  revert  to  the  simpler  relations  subsisting  between  the  limbs  and  the 
trunk  or  vertebral  axis  of  the  body  in  embryonic  life.  In  the  earliest  stage  the  limbs  may  be 
said  to  bud  out  from  the  side  of  the  trunk  as  flattish  semilunar  flaps,  so  that  they  present  a 

Fig.  166. — Dorsal  surface  of  the  right  manus  of  a  water 
tortoise.  (Gegenbaur.) 

R,  radius ;  U,  ulna  ;  r,  radiale  ;  i,  intermedium  ;  u,  ulnare  ;  c,  centrale ; 
1 — 5,  five  carpal  bones  of  the  distal  row  ;  to1 — to5,  five  metacarpals. 

# 

dorsal  and  a  ventral  surface,  coinciding  with  these  respective 
surfaces  of  the  trunk  ;  but  in  the  next  stage,  when  the  limbs 
come  to  be  folded  against  the  body  in  the  ventral  direction, 
although  the  original  relation  to  the  trunk  is  undisturbed, 
their  axes  have  now  come  to  lie  nearly  perpendicularly  to  the 
coronal  plane  of  the  vertebral  axis,  and  the  position  of  the  limbs 
is  such  that  in  each  there  is  one  border  which  looks  towards 
the  head,  and  another  which  looks  towards  the  tail.  To  these 
borders  of  the  limbs  the  names  of  preaxial  and  postaxial  are 
given  respectively,  as  indicating  their  position  before  and 
behind  the  limb-axis.  When  at  a  somewhat  later  stage  of 
development  the  divisions  of  the  limbs  make  their  appearance, 
and  more  especially  when  the  quinquifid  division  of  the  digits 
in  the  hand  and  foot  becomes  perceptible,  it  is  obvious  that  the  thumb  and  radius  in  the  one 
limb,  and  the  great  toe  and  tibia  in  the  other,  occupy  corresponding  cephalic  and  preaxial 
situations  ;  and  it  is  not  difficult  to  trace  from  these  the  corresponding  relations  of  the  parts 
in  the  upper  division  ,  of  the  limbs.  Thus,  the  radial  condyle  of  the  humerus  with  the  great 
tuberosity  are  preaxial,  while  the  lesser  tuberosity,  ulnar  condyle,  ulna,  and  little  finger  are 
postaxial.  In  the  lower  limb,  the  small  trochanter,  internal  condyle,  tibia  and  great  toe  are 
preaxial,  while  the  great  trochanter,  external  condyle,  fibula,  and  little  toe,  are  postaxial. 
And  at  the  same  time  the  dorsal  or  extensor  surface  of  the  limbs  is  external,  and  the  ventral 
or  flexor  surface  is  internal. 

Journ.  Anat.,  v,  67  ;  Sabatier,  “  Comparaison  des  ceintures  et  des  membres  anterieurs  et  posterieurs 
dans  la  serie  des  vertebras,”  Montpellier,  1880. 
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Very  soon,  however,  in  the  higher  animals  and  in  man,  farther  changes  operate  in  bringing 
about  the  permanent  condition.  The  humerus  is  folded  backwards  against  the  trunk,  and  at 
the  same  time  undergoes  a  rotation  outwards,  so  that  the  radial  (preaxial)  condyle  becomes 
external,  and  the  extensor  aspect  of  the  elbow  is  directed  backwards.  The  femur,  on  the 
other  hand,  is  inclined  forwards  and  rotated  inwards,  thereby  bringing  the  tibial  (preaxial) 
condyle  to  the  inner  side,  and  the  extensor  aspect  of  the  knee  forwards.  The  rotation  of  the 
humerus  outwards  in  man  amounts  to  about  45°,  so  that  the  axis  of  the  elbow- joint  is  placed 
obliquely  to  the  median  plane,  but  in  quadrupeds  the  rotation  takes  place  through  90°,  and  thus 
the  axis  of  the  elbow- joint  becomes  transverse.  The  rotation  inwards  of  the  femur  is  about  90°, 
and  the  axis  of  the  knee-joint  is  therefore  placed  transversely,  in  both  man  and  quadrupeds. 
In  the  upper  limb  of  man,  the  radius  being  in  semipronation,  no  material  change  occurs  in 
the  position  of  the  hand,  the  thumb  hanging  naturally  forwards  ;  but  in  animals  destined  to 
rest  on  the  palmar  aspect  of  the  hand  or  digits,  important  changes  occur  in  the  position  of  the 
radius  by  which,  as  this  bone  is  brought  forwards  upon  the  humerus,  and  its  lower  end  carried 
inwards,  the  manus  or  its  elements  are  placed  permanently  in  the  prone  position,  with  the 


Fig.  167. — Dorsal  surface  of  the  right 
carpus  of  man.  (Flower.) 

s,  scaphoid  ;  l ,  lunar  ;  c,  cuneiform  or  pyra¬ 
midal  ;  p,  pisiform  ;  tm,  trapezium  ;  td,  tra¬ 
pezoid  ;  m,  magnum  ;  u,  unciform  ;  I — V,  five 
metacarpals. 


Fig.  168.— Dorsal  surface  of  the  carpus 
of  a  baboon.  (Flower.) 

s,  scaphoid  ;  l,  lunar  ;  c,  cuneiform  or  pyra¬ 
midal  ;  p,  pisiform  ;  tm,  trapezium  ;  td,  trape¬ 
zoid  ;  m,  magnum  ;  u,  unciform  ;  rs,  radial  sesa¬ 
moid  ;  ce ,  os  centrale  ;  I — V,  five  metacarpals. 


first  or  radial  digit  inwards.  In  the  foot  no  such  change  is  required,  as  already  by  the  internal 
rotation  of  the  femur  at  its  upper  part,  the  conditions  for  plantar  support  have  been  secured, 
and  the  first  or  tibial  digit  is  on  the  inner  side.  Farther,  in  man,  as  the  body  attains  its  full 
development,  both  limbs  are  extended  in  a  line  parallel  to  the  axis  of  the  trunk,  the  upper 
dropping  loosely  from  the  shoulder- joint  with  the  greatest  freedom  of  motion  ;  the  lower  more 
closely  articulated  in  the  hip- joint,  and  suited  to  give  firm  support  to  the  body  in  the  erect 
posture. 

Hand  and  foot. — The  similarity  of  the  digital  and  metacarpal  bones  of  the  hand 
with  those  of  the  foot  in  number,  form,  and  connections  is  so  great  that  the  homodynamous 
correspondence  of  these  bones  is  immediately  recognised.  The  main  differences  between  them 
consist  in  the  greater  length  of  the  fingers,  and  the  opposability  of  the  thumb  to  the 
other  digits  through  its  mobility  at  the  carpo-metacarpal  articulation,  in  adaptation  to  the 
function  of  the  hand  as  a  grasping  organ. 

The  morphological  construction  of  the  carpus  and  tarsus  is  only  to  be  understood  by 
reference  to  a  more  generalized  form,  such  as  is  met  with  in  the  carpus  of  the  water-tortoise 
(fig.  166)  and  in  the  tarsus  of  certain  amphibia.  Here  nine  elements  are  seen,  arranged  in  a 
proximal  series  of  three,  which  are  named  respectively  radiale  or  tibiale,  intermedium,  and 
ulnare  or  fibulare ,  a  distal  series  of  five,  named  carpalia  or  tarsalia  I— V,  counting  from  the 
preaxial  border,  and  an  interposed  centrale}  In  man,  as  in  nearly  all  mammals,  the  distal 
row  of  the  carpus  and  tarsus  comprises  only  four  bones,  the  unciform  and  cuboid,  which 
support  the  postaxial  two  digits,  being  generally  regarded  as  formed  by  the  fusion  of  the 
fourth  and  fifth  elements.  Of  the  proximal  elements  of  the  carpus,  the  radiale  is  represented 
in  the  scaphoid,  the  intermedium  in  the  lunar,  and  the  ulnare  in  the  pyramidal.  The  centrale 
appears  to  be  absent  in  the  carpus  of  man,  although  it  occurs  as  a  distinct  bone  in  nearly  all 
apes.  In  the  human  foetus,  however,  at  the  latter  part  of  the  second  month,  a  rudiment  of 
the  centrale  is  present  as  a  small  cartilaginous  nodule,  which  in  the  course  of  the  third  month 
becomes  fused  with  the  cartilage  of  the  scaphoid.2  The  latter  bone  must  therefore  be  regarded 


1  Gregenbaur,  “  Untersuch.  zur  vergleich.  Anat.  ;  I.  Carpus  und  Tarsus,  ”  Leipzig,  1864. 

3  Leboucq,  “  Recherches  sur  la  morphologie  du  carpe  chez  les  mammiferes,”  Arch,  de  Biologie, 
v,  35 
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as  composed  of  the  radiale  and  the  centrale.  Traces  of  the  centrale  are  often  to  be  recognized 
in  the  adult  scaphoid,  and  it  may  in  rare  cases  be  developed  as  a  separate  bone.  In  the 
proximal  series  of  the  tarsus  the  course  of  development  is  somewhat  different.  The  astragalus 
results  from  the  union  of  the  tibiale  and  intermedium,  although  the  latter  occasionally 
remains  distinct  as  the  os  trigonum  (p.  133)  :  at  the  back  of  the  posterior  articular  surface  on 
the  under  aspect  of  the  astragalus  there  is  often  to  be  seen  a  slight  groove,  indicative  of  this 
separation  (fig.  146).  The  fibulare  forms  the  greater  part  of  the  os  calcis,  and  the  centrale  of 
the  navicular  bone.  The  pisiform  bone  has  been  considered  a  sesamoid  bone  ( ulnare  sesamoi¬ 
deum)  developed  in  the  tendon  of  the  flexor  carpi  ulnaris,  but  recent  investigations  tend  to- 
show  that  it  is  a  vestige  of  a  suppressed  ray  (digitus  postminimus)  :  the  corresponding 
structure  of  the  tarsus  enters  into  tuberosity  of  the  os  calcis.  On  the  outer  margin  of  the 
carpus  there  is  in  some  animals  another  bone  ( radiale  sesamoideum ),  which,  if  represented  in 
man,  seems  most  nearly  to  correspond  to  the  tuberosity  of  the  scaphoid  ;  and  the  tuberosity  of 
the  navicular  bone  of  the  tarsus  may  be  the  representative  of  a  similar  element  (tibiale 
sesamoideum)  in  the  foot.  These  so-called  “  sesamoid  ”  ossifications  are  also  regarded  by 
Bardeleben  as  vestiges  of  a  suppressed  digit  (prepollex  or  prehallux).1 


The  following  tables  present  a  synoptical  view  of  the  probable  corresponding  or  homolo¬ 
gous  bones  and  their  parts  in  the  thoracic  and  pelvic  limbs  : — 


I. — Table  op  the  Homologous  Bones  in  the  Thoracic  and  Pelvic  Limbs, 


Thoracic  Limb. 

Pelvic  Limb, 

Scapula . 

Hium. 

Precoracoid  . 

Pubis. 

Coracoid . 

Ischium. 

Glenoid  cavity . 

.  Cotyloid  cavity. 

Clavicle . 

Absent. 

Humerus . 

Femur. 

Great  tuberosity  .... 

.  Small  trochanter. 

Small  tuberosity  .... 

.  Great  trochanter. 

External  condyle  and  capitellum  . 

.  Internal  condyle. 

Internal  condyle  and  trochlea  . 

.  External  condyle. 

Absent . 

Patella. 

Radius . 

Tibia. 

Ulna  ....... 

Fibula. 

Carpus  ....... 

Tarsus. 

Metacarpus  ...... 

Metatarsus. 

Pollex . 

Hallux. 

Digital  phalanges  .... 

Digital  phalanges. 

II. — Table  of  the  Homologous  Bones  of  the  Carpus  and  Tarsus. 


Carpus. 

Typical  names . 

Pyramidal  . 

Ulnare  . 

.  Fibulare .... 

Pisiform  .  .  . 

Ulnare  sesamoideum  (?)  Fibulare  sesamoideum  (?) 

Lunar  . 

Intermedium 

Intermedium  . 

| 

[  Radiale 

Tibiale 

Scaphoid  .  .  < 

Radiale  sesamoideum  (?)  Tibiale  sesamoideum  (?)  . 

[  Centrale 

Centrale 

Trapezium  . 

Carpale  I. 

Tarsale  I.  . 

Trapezoid  .  . 

- II. 

- II. 

Magnum 

- III. 

-  III. 

Unciform  .  .  j 

1 -  iy. 

! -  Y. 

-  IY.  . 

- Y. 

Tarsus. 

Os  calcis. 
Astragalus. 

Navicular. 

Int.  Cuneiform. 
Mid.  Cuneiform. 
Ext.  Cuneiform. 

Cuboid. 


1  According  to  another  view,  which  is  supported  by  Baur  and  Leboucq,  the  “  tibial  sesamoid  ”  is  the 
tibiale,  and  the  astragalus  the  intermedium  only. 
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III. — Table  of  the  Homologous  Parts  of  the  Scapula  and  Ilium  (according 

to  Flower). 


Scapula. 


Primitive  condition. 


Ilium. 


Supraspinous  fossa .  .  . 

Infraspinous  fossa 
Subscapular  fossa  .  .  . 

Spine  and  acromion 
Superior  or  coracoid  border. 
Axillary  or  glenoid  border  . 

Base . 

Superior  angle  .  .  . 

Inferior  angle  .  .  ; 


Vertebral  surface 
Preaxial  surface  . 
Postaxial  surface 
Preaxial  border  . 
Postaxial  border 
External  border  . 
Dorsal  extremity 


Sacral  surface. 

Iliac  fossa. 

Gluteal  surface. 
Ilio-pectineal  line. 
Posterior  or  ischial  border. 
Anterior  or  cotyloid  border. 
Iliac  crest. 

Posterior  superior  spine. 
Anterior  superior  spine. 


ADAPTATION  OP  THE  SKELETON  TO  THE  ERECT  ATTITUDE. 

The  axial  skeleton  of  man  is,  for  the  purposes  of  station  and  progression,  raised  more  fully  to 
the  vertical  position  than  is  the  case  in  any  other  animal ;  and  along  with  this  the  lower  limbs 
are  extended  in  lines  parallel  to  the  axis  of  the  trunk.  The  feet  rest  on  the  ground  by  the 
contact  of  the  heel  and  the  heads  of  the  metatarsal  bones,  the  centre  of  gravity  of  the  body 
falling  within  the  basis  of  support.  For  the  maintenance  of  this  attitude,  the  constant  action 
of  the  muscles  passing  over  the  ankle-joint  is  more  immediately  necessary.  But  at  the  knee- 
and  hip-joints  it  is  mainly  by  the  mechanism  of  the  ligaments  and  other  parts  of  the  joints,  and 
less  directly  by  muscular  action,  that  the  erect  attitude  is  maintained,  as  will  be  more  fully 
shown  in  the  description  of  the  different  articulations. 

There  are,  besides,  many  peculiarities  in  the  construction  of  the  body,  and  especially  of 
the  skeleton,  which  are  associated  with  the  assumption  of  the  erect  posture,  and  although 
many  of  them  have  been  noticed  in  the  description  of  the  bones,  it  may  still  be  useful  to 
recapitulate  the  chief  ones  briefly  in  this  place. 

It  may  first  be  remarked  that  the  full  development  of  these  peculiarities  belongs  to  the 
adult  condition.  In  the  infant,  while  still  unable  to  walk,  the  large  proportional  size  of  the 
head,  amounting  to  nearly  a  fifth  of  the  whole  body,  the  comparative  straightness  of  the  ver¬ 
tebral  column,  or  absence  of  the  curves  which  characterise  the  spine  of  the  adult,  the  short¬ 
ness  of  the  lower  limbs,  and  incompleteness  of  their  structure,  all  contribute  to  render  the 
assumption  of  the  erect  attitude  by  the  child,  for  a  time,  difficult  and  insecure.  Thus  the 
middle  distance  between  the  vertex  of  the  head  and  the  sole  of  the  foot  in  an  infant  is  situated 
somewhat  above  the  umbilicus,  while  in  the  adult  it  is  generally  at  the  upper  border  of  the 
pubis,  or  even  lower,  in  some  part  of  the  symphysis.  In  the  child  also,  from  the  large  dimen¬ 
sions  of  the  head  and  upper  part  of  the  body,  the  centre  of  gravity  is  carried  to  a  considerably 
higher  point  than  in  the  adult. 

The  skull  of  man  differs  from  that  of  other  animals  in  being  nearly  balanced  on  the  vertebral 
column,  the  condyles  of  the  occipital  bone  being  brought  forwards  to  near  the  middle  of  the 
base  by  the  comparative  shortness  of  that  part  of  the  skull  which  lies  in  front  of  the  foramen 
magnum,  and  the  projection  backwards  of  that  which  lies  behind  it.  In  quadrupeds  the  skull 
extends  forwards  from  the  extremity  of  the  column,  and  is  sustained  by  the  elastic  ligamentum 
nuchae,  represented  in  man  by  a  comparatively  feeble  structure  which  passes  between  the  ex¬ 
ternal  occipital  protuberance,  and  the  spinous  processes  of  the  cervical  vertebrae.  Together 
with  this  altered  relation  of  the  head  to  the  spine,  the  plane  of  the  foramen  magnum,  which 
in  quadrupeds  is  vertical,  becomes  in  man  horizontal,  or  even  inclined  somewhat  upwards 
anteriorly. 

The  spinal  column,  by  its  pyramidal  form,  is  fitted  to  sustain  the  weight  which  bears  down 
upon  its  lower  part,  and  by  means  of  its  different  curvatures  possesses  elasticity  and  strength 
combined,  and  allows  considerable  range  of  motion  to  the  trunk,  without  removal  of  the  centre 
of  gravity  from  within  its  base.  The  strong  and  expanded  sacrum  is  the  immediate  means  of 
transferring  the  weight  of  the  trunk  to  the  hip-bones  and  lower  limbs. 

The  thorax  in  man  is  comparatively  short,  compressed  in  the  sagittal  direction,  and  ex¬ 
panded  transversely,  whereby  the  centre  of  gravity  is  carried  backwards,  nearer  to  the.  spine. 

The  pelvis  is  of  peculiar  breadth  in  man,  presenting  an  upper  and  a  lower  arch  which  meet 
at  the  hip- joints,  and  is  so  inclined  that  a  vertical  line  descending  from  the  centre  of  gravity 
of  the  body  is  in  a  plane  slightly  behind  the  centres  of  motion  of  the  hip-joints.  The  breadth 
of  the  pelvis  enables  the  balance  to  be  more  easily  maintained  in  lateral  movements  of  the 
body  by  compensating  inclinations  of  different  parts  to  opposite  sides  of  the  basis  of  support, 
and  the  long  neck  of  the  femur  gives  an  advantageous  insertion  to  the  muscles  by  which  the 
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balance  of  the  body  is  principally  preserved.  The  hip-bone  is  mainly  distinguished  from  the 
same  bone  in  animals  by  the  breadth  of  its  iliac  portion,  which  gives  support  to  the  abdominal 
viscera,  and  attachment  to  the  greatly  developed  iliac  and  gluteal  muscles. 

The  lower  limbs  are  remarkable  for  their  length  and  strength.  The  femur  is  greatly 
elongated,  its  length  considerably  exceeding  that  of  the  tibia, — a  condition  which  is  requisite 
not  only  to  give  a  sufficient  extent  of  stride,  but  also  to  enable  the  body  to  be  balanced  in  dif¬ 
ferent  degrees  and  varieties  of  stooping.  The  foot  of  man  alone  among  animals  has  an  arched 
instep,  and  it  likewise  presents  a  great  breadth  of  sole.  The  great  toe  is  distinguished  by  its 
full  development,  and  especially  from  that  of  the  apes,  by  its  want  of  opposability, 
being  constructed,  not  for  grasping,  but  for  supporting  the  weight  of  the  body,  and  giving 
spring  to  the  step. 

While  stability  and  strength  are  thus  provided  in  the  lower  limbs,  mobility  and  lightness 
are  secured  in  the  upper.  This  is  apparent  on  comparison  of  the  shoulder,  elbow,  and  wrist 
with  the  hip,  knee,  and  ankle.  In  the  hand,  also,  the  freely  moveable  phalanges  are  as  long 
as  the  carpal  and  metacarpal  bones  taken  together,  while  in  the  foot  they  are  not  &  third  of 
the  length  of  the  tarsal  and  metatarsal  bones. 


INDEX  AND  GLOSSARY  TO  YOL.  II.,  PT.  I.1 


Accessory  palatine  canals,  54 

process  of  lumbar  vertebrae,  11,  23 
Acetabulum  (vessel  for  holding  vinegar),  no, 
115,  I36 

Acrocephaly  ( atcpov ,  summit ;  tcecpaA-f),  head),  86 
Acromial  angle,  90 

Acromion  {axpov  ;  Styos,  shoulder),  90,  106 
Acromio-scapular  notch,  90 
Adductor  tubercle,  121 
Agger  (mound)  nasi,  52 
Air-sinuses  in  bones  of  head,  71 
Alse  {ala,  wing)  of  sacrum,  15 
of  vomer,  55 

Alar  processes  of  ethmoid,  48 
Alisphenoid,  75,  80 
Alveolar  index,  85 
point,  83 

process,  50,  52,  58 

Alveoli  ( alveolus ,  small  hollow  vessel)  of  lower 
jaw,  58 

of  upper  jaw,  52 

Anapophysis  (am,  upon  ;  apophysis),  11,  23 
Anatomy  {at/d,  apart ;  reyt/w,  cut),  descriptive,  1 
systematic  and  topographical,  1 
Angle,  acromial,  90 

of  lower  jaw,  59,  61 
of  pubis,  1 13 
of  rib,  26 
subcostal,  29 
of  torsion,  of  femur,  123 
of  humerus,  94 
of  tibia,  127 

Angular  processes  of  frontal  bone,  37 
Antibrachial  index,  99 

Antibrachium  {avri,  opposite  ;  brachium),  86 
Antrum  (cavern),  4 

of  Highmore,  50,  53,  72,  77 
mastoid,  75 

Aperture,  anterior  nasal,  62 
Apophysis  (&7t3,  from  ;  cpvcv,  grow),  4 
Appendicular  portions  of  body,  4,  140 
skeleton,  4 

Aqueduct  of  cochlea,  42 
of  Fallopius,  42 
of  vestibule,  42 
Arch,  alveolar,  67 
of  atlas,  7 
orbital,  37 
subpubic,  1 16 
of  vertebra,  5 
zygomatic,  64 

Arches,  inferior,  of  skull,  81 
superior,  of  skull,  81 
of  vertebrae,  5,  7,  21 
Area  cribrosa  media,  43 
superior,  43 


Arm,  bones  of,  86,  106,  140 
Arnold’s  nerve,  foramen  for,  43 
Articular  eminence  of  temporal  bone,  41,  75 
processes  of  vertebrae,  5,  6,  7,  8,  9,  1 1 
homology  of,  21 

Articulations  of  costal  cartilages,  29 
Astenon  {dar^p,  star),  84 
Asternal  (a,  neg.  ;  crripvov,  breast)  ribs,  25 
Astragalus  {darpd^aXos,  ankle-bone,  or  d:  ••,  the 
astragali  of  sheep  having  been  used  as  d„ce  by 
the  ancients),  130 
homology  of,  144 
ossification  of,  138 
Atlas,  7 

homology  of,  21 
ossification  of,  19 
varieties  of,  8 

Auditory  meatus,  external,  41,  64,  75 
internal,  42,  43,  71 
process,  external,  41 
Auricular  point,  84 

surface  of  ilium,  112 
surface  of  sacrum,  14 
Anriculo-bregmatic  line,  84 
Axial  skeleton,  4 

relation  of  limbs  to,  140 
Axis  (vertebra),  8 
homology  of,  21 
ossification  of,  20 
of  pelvis,  117 


Basihyal,  80 
Basilar  groove,  34 

process  of  occipital  bone,  31,  34,  67 
Basioccipital,  73,  79 
Basion  {(3dais,  base),  84 
Basisphenoid,  75,  80 
Beak  of  olecranon,  95 
Bertin,  bones  of,  44 
Bicipital  groove,  93 
tuberosity,  98 

Bones,  Descriptive  Anatomy  of,  3 
astragalus,  130,  138,  144 
atlas,  7,  19,  21 
axis,  8,  20,  21 
of  Bertin,  44 

calcaneum,  or  os  calcis,  129,  138  144 
carpal,  100,  108,  143 
clavicle,  86,  106,  140 
coccyx,  5,  16,  21 
cuboid,  132,  138,  143 
cuneiform,  of  carpus,  101 
of  tarsus,  131,  138,  144 
epipteric,  62,  84 


1  Names  printed  in  Italics  denote  varieties. 
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ethmoid,  47,  76,  80 
femur,  118,  137,  142 
fibula,  127,  138,  142 
frontal,  36,  74,  80 
of  head,  31 

homologies  of,  79 
ossification  of,  73 
hip,  no,  136,  140 
liumerus,  91,  107,  142 
hyoid,  61,  78,  80 
ilium,  no,  136,  140 
innominate,  ]  10,  136,  140 
interparietal,  34,  73,  79,  80,  84 
ischium,  113,  136,  140 
lachrymal,  57,  77,  80 
of  limbs,  homological  comparison  of,  140 
morphology  of,  140 
of  lower  limb,  no 

ossification  of,  136 
lunar,  101,  108,  143,  144 
magnum,  102,  108,  144 
malar,  55,  78,  80 
maxillary,  inferior,  58,  78,  80 
superior,  50,  77,  80 
metacarpal,  103,  109 
metatarsal,  133,  138 
nasal,  56,  77,  80 

navicular,  of  tarsus,  131,  138,  144 
number  of,  4 
occipital,  31,  73,  79 
palate,  53,  77,  80 
parietal,  35,  74,  80 
patella,  124,  138,  144 
phalangeal,  of  hand,  105,  109 
of  foot,  135,  139 
pisiform,  101,  108,  144 
pubic,  113,  136,  140 
pyramidal,  101,  108,  143 
radius,  97,  107,  143 
ribs,  25,  31 
sacrum,  5,  13,  20 
scaphoid,  of  carpus,  101,  108,  143 
of  tarsus,  131,  138,  144 
scapula,  87,  106,  140 
semilunar,  101,  108,  143,  144 
sesamoid,  in  hand,  105 
in  foot,  135 
sphenoid,  43,  75,  80 
spongy.  See  turbinate, 
sternum,  23,  30 
suprasternal,  25 
tarsal,  129,  138,  143,  144 
temporal,  39,  74,  80 
tibia,  124,  138,  142,  144 
trapezium,  102,  108,  144 
trapezoid,  102,  108,  144 
triquetral,  62 

turbinate,  inferior,  58,  78,  80 
middle,  49,  72,  80 
sphenoidal,  44,  76,  80 
superior,  49,  72,  80 
ulna,  95,  108,  142 
unciform,  103,  108,  143 
of  upper  limb,  86 

ossificaiion  of.  106 
vertebrae.  See  Vertebra. 
vomer,  55,  77,  80 
Wormian,  62,  74 
Brachium  (/3/>axiW,  arm),  86 
Brachycephalic  (/3 pa^vs,  short ;  KecpuXp,  head) 
skulls,  84 


Branchial  (/ 3payxia>  gills)  arches,  81 
Breast-bone,  23 

Bregma  (/ 3peyua ,  upper  part  of  head),  83 
Brim  of  true  pelvis,  1 1 5 


Calcaneum  (belonging  to  the  heel,  from  calx, 
heel).  See  Os  Calcis. 

Calcar  (spur)  femorale,  123 
Calvaria  (skull-cap),  68 
Canal,  of  bone,  4 

carotid,  42,  68,  70 
dental,  anterior,  51 
inferior,  59 
middle,  51 
posterior,  50,  65 
Eustachian,  42 
incisor,  52 

infraorbital,  51.  63,  77 
malar,  56,  63,  64 
neural,  6 

orbital,  internal,  38,  49,  64,  69 
palatine,  accessory,  54,  67 
anterior,  52 
posterior,  51,  54,  67 
palato-maxillary,  51,  54,  67 
pterygoid,  47 

pterygo-palatine,  47,  54,  65 
sacral,  15 
spinal,  6 

temporal,  of  malar  bone,  56,  64 
Vidian,  47,  65,  70 
Canaliculus  innominatus,  47 
Canine  fossa,  50,  63 

Capitellum  or  capituluin  (dim.  of  caput,  head),  4 
of  humerus,  94 
of  rib,  26 

Capitular  processes  of  dorsal  vertebrae,  23 
Caput  (head)  of  bone,  4 
Carotico-clinoid  foramen,  47 
Carotid  canal,  42,  68,  70 
foramen,  42 
Carpalia,  143 

Carpus  (KapnSs,  wrist),  bones  of,  100 
homologies  of,  143 
ossification  of,  108 
compared  with  tarsus,  143 
Cartilage  ( cartilago )  of  ribs,  28 
varieties  of,  29 
Cavity,  cotyloid,  4,  115 
cranial,  68 
glenoid,  4,  90 
nasal,  71 

sigmoid,  of  radius,  99 
of  ulna,  95 

Cells,  ethmoidal,  48,  72 
Centrale,  103,  143 
Centrum  of  vertebrae,  5,  21 
Cephalic  (/te<£a Arj,  head)  index,  84 
Ceratohyals  (fcepas,  horn  ;  hyoid),  80 
Cervical  vertebrae,  6 
Cervix  (neck)  of  bone,  4 
Chest.  See  Thorax. 

Child,  characters  of  skeleton  in,  145 
Clavicle  (clavicula,  dim.  of  clavis ,  key  ;  pro¬ 
bably  transl.  from  Kheis,  key  or  bolt, 
collar-bone),  86 
homology  of,  140 
ossification  of,  106 
Clavicular  notches,  25 
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“Clinoid  (kKivt),  bed;  e?5os,  shape)  processes,  44, 

45>  47 

Coccyx  (icoKkvt,  cuckoo),  5,  16 
ossification  of,  21 
Cochlea,  aqueduct  of,  42 

Cochleariform  ( cochleare ,  spoon  ;  forma,  shape) 
process,  42 
Collar-bone,  86 

•Condylar  foramina,  anterior,  33,  68,  71 
posterior,  33,  71 
fossa,  posterior,  33 
portions  of  occipital  bone,  31,  33 
surfaces  of  tibia,  124 
Condyle  (k6vSvXos,  knuckle),  4 
Condyles  of  femur,  121 
of  humerus,  94 
of  lower  jaw,  59,  64 
of  occipital  bone,  31,  33,  68 
Conoid  (kwvos,  cone  ;  efSo?,  shape)  tubercle,  87 
Coraco-scapular  notch,  90 

Coracoid  ( i<6pa f,  raven  ;  elSos,  shape)  process  of 
scapula,  90,  106,  140 

-Cornicula  ( corniculum ,  dim.  of  cornu,  horn)  of 
hyoid  bone,  61 
Cornua  of  coccyx,  16 
of  hyoid  bone,  61 
sacral,  14 
sphenoidalia,  44 

Coronal  ( corona ,  crown)  suture,  61 
Coronoid  (Koudbvr),  anything  hooked,  e.g.,  the  tip 
of  a  bow)  fossa  of  humerus,  94 
process  of  lower  jaw,  60,  64,  78 
of  ulna,  95 
Costae  or  ribs,  25,  30 
Costal  cartilages,  25,  28 

Cotyloid  ( kotv\7 /,  cup  ;  ddos,  shape)  cavity,  4 
of  hip-bone,  1 1 5 
notch,  1 15 

Cranial  capacity,  82,  83 
cavity,  68 

Cranio-facial  axis,  bones  forming,  81 
Craniometry  (icpaviov;  ylrpov,  measure),  82 
Cranium  {npaviov,  skull),  31.  See  Skull. 

Crest  of  bone,  4 
ethmoidal,  54 
frontal,  38 
of  ilium,  no 
incisor,  52 
infratemporal,  46 
lachrymal,  57 
nasal,  52,  53 
obturator,  113 

occipital,  external  and  internal,  32,  33 

pubic,  1 13 

sphenoidal,  44 

supramastoid,  40,  64 

temporal,  37 

of  tibia,  126 

turbinate,  inferior,  51,  53 
superior,  54 

Cribriform  (cribrum,  sieve  ;  forma ,  shape)  plate 
of  ethmoid  bone,  48,  49,  69,  82 
of  temporal  bone,  42,  43 
Crista  falciformis,  43 

galli  (cock’s  comb),  48,  69 
Cuboid  ( kv/3os ,  cube  ;  el5o?,  shape)  bone,  132 
homology  of,  143,  144 
ossification  of,  138 

Cuneiform  ( cuneus ,  wedge  ;  forma,  shape)  bones 
of  foot,  131 
homology  of,  144 
ossification  of,  138 


Cuneiform  bones — continued. 
of  hand,  101 

Curved  lines  of  occipital  bone,  32 
Cylindrical  bones,  4 


Deltoid  (AeAra,  the  letter  A,  or  delta ;  eloas, 
shape)  eminence,  93 
Deltoid  tubercle,  87 
Dental  canal,  anterior,  51 

of  lower  jaw,  58,  59 
middle,  51 
posterior,  50,  65 
foramen,  59 

Dentary  nucleus  of  lower  jaw,  78 
Dermal  (dep/xa,  skin)  skeleton,  3 
Diaphysis  (did,  between  ;  Qvw,  grow),  3 
Diapopliysis  (Sid,  apart ;  apophysis),  23 
Digastric  (Sls,  twice  ;  ycarr-rip,  belly)  fussa,  41,  68 
Digital  fossa  of  femur,  1 19 
phalanges,  105,  135 
Digitus  postminimus,  144 
Diploe  ( SittAoos ,  double),  68 
Dolichocephalic  (5 o\ix6s,  long;  icecpaX 77,  head) 
skulls,  84 

Dolichopellic  (do\ix6s  ;  ireWa,  bowl)  pelvis,  118 
Dorsal  vertebrae,  9 

Dorsum  sellae  (back  of  saddle),  44,  70 
Duct,  nasal,  51,  57,  72 


Eminences  of  bones,  4 

Eminence,  articular,  of  temporal  bone,  41,  75 
deltoid,  93 
frontal,  37,  82 
ilio-pectineal,  112 
olivary,  43,  70 
parietal,  35,  82 

Endoskeleton  (evtiov,  within ;  skeleton),  3 
Ensiform  ( ensis ,  sword  ;  forma,  shape)  process, 

23,  25 

Epicondyle  (irrl,  on  ;  condyle),  94 
Epihyal  (eVt ;  hyoid  bone)  bones,  80 
Epiotic  (iiri ;  ovs,  gen.  wt6s,  ear)  centre,  75 
Epiphysis  (eVt ;  <pv o>,  grow),  4 
Epipteric  (ini ;  pterion)  bone,  62,  84 
Epitrochlea  (eVf ;  trochlea),  94 
Erect  attitude,  adaptation  of  skeleton  to,  145 
Ethmoid  (yG/xos,  sieve  ;  elSos,  shape)  bone,  47,  So 
ossification  of,  76 

Ethmoidal  cells  or  sinuses,  48,  72,  77 
crest,  54 
notch,  36 

process  of  inferior  turbinate  bone,  58 
spine,  44 

Ethmoturbinals,  49,  80 
Eustachian  canal,  42 

tube,  groove  for,  46,  68 
Exoccipitals,  73,  79 
Exoskeleton  (e|&>,  outside  ;  skeleton),  3 


Face,  bones  of,  31 

Falciform  (falx,  sickle  or  scythe  ;  forma .  shape) 
crest,  43 

Fallopius,  aqueduct  of,  42 
hiatus  of,  42,  70 
False  ribs,  25 
vertebrae,  5 

Femoro-tibial  index,  127 
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Femur,  118 

compared  with  humerus,  142,  144 
ossification  of,  137 
Fibula  (brace,  clasp),  127,  142 
ossification  of,  138 
Fibulare,  143 
Fingers,  bones  of,  105 
Fissura  sterni ,  25 
Fissure  of  bone,  4 

of  Glaser,  41,  42,  43 
incisor,  77 
petro-basilar,  68 
petro-sphenoidal,  68 
petro-squamous,  42 
ptery  go-maxillary,  65 
sphenoidal,  47,  63,  70 
spheno-maxiilary,  63,  65 
Flat  bones,  4 
Floating  ribs,  25 
Floccular  fossa,  75 

Flower  on  homologous  parts  of  scapula  and  ilium, 
Hh  145 

on  ossification  of  temporal  bone,  75 
Fontanelles  (fons,  fountain),  74,  82 
Foot,  bones  of,  no,  129 

compared  with  hand,  143 
in  infant,  140 
ossification  of,  138 
Foramen  ( foro ,  pierce)  of  bone,  4 
csecum  of  frontal  bone,  38,  69 
carotico-clinoid,  47 
carotid,  42,  68 
centrale  cochleae,  43 
dental,  inferior,  59 
incisor,  52,  72 
infraorbital,  50,  63 
intercondylar,  95 
jugular,  68,  71 
lacerum  anterius,  70 
medium,  68,  70 
orbitale,  63 
posterius,  71 
magnum,  31,  68,  71,  82 
mastoid,  41,  71 
mental,  58,  63 
obturator,  no,  115 
occipital,  31,  68,  71 
optic,  47,  63,  70 
ovale  of  hip-bone,  115 

of  sphenoid,  47,  65,  70 
parietal,  35,  68 
rotundum,  47,  65,  70 
singulare,  43 

spheno-palatine,  55,  67,  72 
spinal,  6,  7,  10,  12 
spinosum,  47,  65,  70 
sternal,  25,  31 
stylo-mastoid,  42,  68 
supraorbital,  37,  63,  64 
supratrochlear,  95 
thyroid,  115 
of  vertebra,  6 
vertebrarterial,  6,  23 
of  Vesalius,  47 

Foramina,  condylar,  anterior,  33,  68,  71 
posterior,  33,  71 
of  ethmoid  bone,  49,  69 
intervertebral,  5 
sacral,  anterior,  14 
posterior,  14 
of  Scarpa,  52 
of  Stensen,  52 


Forearm,  bones  of,  95 

compared  with  leg,  142 
ossification  of,  107 
Fossa  acetabuli,  115 

anterior  palatine,  52,  67 
of  bone,  4 
canine,  50,  63 
coronoid,  94 
digastric,  41,  68 
digital,  119 

glenoid,  of  temporal  bone,  40,  64,  75 
guttural,  67 
hypotroclianterica ,  123 
iliac,  hi 

incisor,  of  lower  jaw,  58 
of  upper  jaw.  50,  62 
iufraclavicular,  87 
infraspinous,  88 
infratemporal,  64 
intercondylar,  121 
jugular,  42 
lachrymal,  37,  64 
myrtiform,  50,  62 
navicular,  47 
olecranon,  94 
parietal,  35 
pituitary,  43 
posterior  condylar,  33 
pterygoid,  46,  68 
radial,  94 
scaphoid,  47 
spheno-maxiilary,  65 
subscapular,  88 
supraclavicular,  87 
supraspinous,  88 
temporal,  64 
trochanteric,  119 
trochlear,  37 
zygomatic,  64,  68 
Fossoe,  nasal,  71,  82 

occipital,  superior  and  inferior,  33 
Pacchionian,  36.  38 
of  skull,  internal,  68 
Frontal  ( frons ,  forehead)  bone,  36,  fo 
ossification  of,  74 

crest,  38 
eminence,  37,  82 
process  of  malar  bone,  56 
sinus,  38,  72,  73,  74,  82 
sulcus,  38 
suture,  39,  74 
Fronto-parietal  suture,  61 
Fronto-temporal  suture,  84 
Furrow  of  bone,  4 
spinal,  18 


Gasserian  ganglion,  depression  for,  42 
Girdles,  shoulder  and  pelvic,  comparison  of,  140 
Glabella  (dim.  of  glabra,  fern,  of  glaber,  smooth), 
37. 

Gladiolus  (dim.  of  gladius,  sword),  25 
Glaser,  fissure  of,  41,  42,  43 
Glenoid  (7A17 vy,  shallow  pit  of  bone  ;  Ii5os,  shape) 
cavity,  4 
of  scapula,  90 

fossa  of  temporal  bone,  40,  64,  75 
Gluteal  lines,  no 
ridge,  12 1 

Gnathic  ( yvaOos ,  jaw)  index,  85 
Groove,  bicipital,  93 
of  bone,  4 
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Groove — continued. 
carotid,  44,  71 
for  Eustachian  tube,  46,  68 
infraorbital,  51,  63 
lachrymal,  51,  52,  57,  64 
mylo-hyoid,  59 
obturator,  113 
occipital,  41,  68 
olfactory,  49,  69 
optic,  43 
palatine,  67 
sacral,  14 
spiral,  93 
sternal,  25 
subcostal,  26 

vertebral,  of  spinal  column,  18 
of  atlas,  8 

Grooves  for  sinuses,  71 
Guttural  {guitar,  throat)  fossa,  67 


Hamular  ( hamulus ,  dim.  of  hamus,  hook) 
process  of  sphenoid  bone,  47 
of  lachrymal  bone,  57 
Hand,  bones  of,  86,  100 

ossification  of,  108 
compared  with  foot,  143 
Haunch,  no 
Head,  bones  of,  31 

homologies  of,  79 
morphology  of,  78 
ossification  of,  73 
typical  component  parts  of,  79 
Head  of  bone,  4 

Hiatus  (opening,  from  Mo,  open)  Fallopii,  42, 
70 

Highmore,  antrum  of,  50,  33,  72,  77 
Hip-bone,  no,  136,  140 

Homologies,  Homology  ( 6y6s ,  same  ;  \6yos,  pro¬ 
portion)  of  bones  of  head,  79 
of  carpus  and  tarsus,  143,  144 
of  hand  and  foot,  143 
of  scapula  and  ilium,  140,  145 
of  shoulder  and  pelvic  girdles,  140 
of  upper  and  lower  limbs,  140 
of  vertebrae,  21 
Humero-radial  index,  99 
Humerus  (shoulder),  91 

compared  with  femur,  142,  143 
ossification  of,  107 

Hyoid  (u,  the  letter  upsilon  ;  elSos,  shape)  bone, 
61,  80 

ossification  of,  78 

Hypapophysis  (unS,  under  ;  apophysis ),  21,  23 


Iliac  fossa,  in 
Ilio-pectineal  eminence,  112 
line,  112,  113 
Ilio-sciatic  notch,  no,  114 
Ilium  {ilia,  flanks),  no 

homology  of,  140,  14 1,  145 
ossification  of,  136 
Incisor  crest,  52 

foramen  or  canal,  52,  72 
fissure,  77 

fossa  of  lower  jaw,  58 
of  upper  jaw,  50,  62 
process  of  upper  jaw,  77 
Incisura  (notch),  4 
semilunaris,  25 


Incus  (anvil),  80 
Index,  alveolar,  85 
antibrachial,  99 
of  breadth  of  cranium,  84 
cephalic,  84 
femoro-tibial,  127 
gnathic,  85 

of  height  of  cranium,  84 

humero-radial,  99 

nasal,  85 

orbital,  85 

pelvic,  118 

sacral,  15 

scapular,  91 

Infraclavicular  fossa,  87 
Infraorbital  canal,  51,  63,  7 7 
foramen,  50,  63 
groove,  51,  63 
Infraspin ous  fossa,  88 
Infrasternal  depression  or  fossa,  25 
Infratemporal  crest,  46,  64 
fossa,  64 

Infundibulum  (funnel)  of  ethmoid  bone,  48,  72 
Inion  (iv'tov,  nape  of  neck),  84 
Inlet  of  true  pelvis,  1 1 5 
Innominate  bone.  See  Hip-bone. 
Interchondral  articulations,  29 
Interclavicular  notch,  25 
Interclinoid  ligaments,  47 
Intercondylar  fossa,  121 
foramen,  95 
Intercostal  spaces,  30 
Intermaxillary  bone,  80 
Intermedium,  143 

Internodia  {inter,  between  ;  nodus ,  knot),  105 
Interosseous  ridge  of  fibula,  128 
of  tibia,  126 

Interparietal  bone,  34,  73,  79,  80,  84 
Interparietal  suture,  61 
Intertrochanteric  lines,  120 
ridge,  120 

Intervertebral  foramina,  5 
Intrajugular  process,  34,  71 
Irregular  or  mixed  bones,  4 
Ischium  [Icrxiov,  hip),  113 
homology  of,  140,  144 
ossification  of,  136 


Jacobson’s  nerve,  foramen  for,  43 
Jaw,  lower,  58,  80 

changes  in,  with  age,  61,  78,  82 
ossification  of,  78 
upper,  50,  80 

ossification  of,  77 
Jugal  ( jugum ,  yoke),  bones,  80 
Jugular  facet  of  temporal  bone,  42 
foramen,  68,  71 
fossa,  42 
notch,  34 
process,  34  68 


Knee-pan,  124 


Labyrinth  of  ethmoid,  48 
Lachrymal  bone,  57,  80 

ossification  of,  77 
crest,  57 
fossa,  37,  64 
groove,  51,  52,  57,  64 
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Lachrymal — continued. 
notch,  51 
process,  58 

Lambda  (the  letter  A),  83 
Lambdoid  suture,  61 

Lamina  cribrosa  of  temporal  bone,  42,  43 
Laminse  or  plates  of  vertebrae,  5>  6,  8,  9,  11,  12 
Lateral  mass  of  atlas,  7 

of  ethmoid,  48,  49,  76,  80 
of  sacrum,  14 

sinus,  groove  of,  33,  34,  4L  71 
Leg.  bones  of,  no,  124,  127,  138,  142 
Length  of  long  bones  of  limbs,  94 
Leptorhine  {\eirr6s,  narrow ;  pis,  piv6s,  nose) 
skulls,  85 

Ligaments,  interclinoid,  47 
petro-sphenoidal,  43,  47 
pterygo- spinous,  47 
stylo-hyoid,  61,  78,  80 
Limb,  lower,  bones  of,  no 
ossification  of,  136 
upper,  bones  of,  86 
ossification  of,  106 

Limbs,  distinctive  characters  of,  in  man,  146 
homological  comparison  of,  140 
homologous  bones  of,  tables  of,  144 
morphology  of  bones  of,  1 40 
relation  of,  to  axial  skeleton,  140 
Line  or  Lines  of  bone,  4 
curved,  of  ilium,  no 
of  occipital  bone,  3 1 
gluteal,  no 
ilio-pectineal,  112,  113 
intertrochanteric,  120 
oblique,  of  lower  jaw,  external,  58 
internal,  59 

of  radius,  98 
of  tibia,  126 
popliteal,  126 
spiral,  of  femur,  120,  121 
supracondylar,  of  femur,  121 
of  humerus,  93 
temporal,  35,  64 
trapezoid,  87 
Linea  aspera,  120 
quadrati,  121 

Lingula  of  lower  jaw,  59,  78 
sphenoidalis,  44,  70,  76 
Long  or  cylindrical  bones,  4 
Lumbar  vertebrae,  1 1 
Lunar  bone,  101 

homologies  of,  143,  144 
ossification  of,  108 


Malar  {mala,  cheek)  bone,  55,  80 
ossification  of,  78 
canal,  56,  63 
process,  50,  52 
tuberosity,  55 

Malleolus  (ankle  ;  dim.  of  malleus,  hammer), 
external,  127,  138 
internal,  127,  138 
Malleus  (hammer),  80 

Mamillary  {mamilla,  nipple)  processes  of  ver¬ 
tebrae,  12 

Mandible  ( mandibnla  or  mandibulum,  jaw, 
from  mando,  chew),  5  8,  78,  80 
Manubrium  (han'dle)  of  sternum,  23,  24,  30 
Manus  (hand),  86 

Marginal  process  of  malar  'bone,  56 
Marrow  of  bone,  3 


|  Mastoid  {paaros,  nipple  ;  el 80s,  form)  antrum,  75 
cells,  75 
foramen,  41,  71 

portion  of  temporal  bone,  39,  41,  75 
process,  41,  64,  68,  75,  82 
Maxilla  (jaw),  inferior,  58,  78,  80 
superior,  50,  77,  80 
Maxillary  bone.  See  Maxilla. 

,  process,  of  inferior  turbinate  bone,  58 
of  palate  bone,  54 
sinus,  50,  53,  72,  77 
Maxilloturbinal  bone,  80 
Meatus  ( meo ,  pass),  4 

external  auditory,  41,  64,  75 
internal  auditory,  42,  43,  71 
of  nose,  48,  49,  72 
Meckel’s  cartilage,  78 
Median  line  and  plane,  1 
Medulla  (marrow)  of  bones,  3 
Megacephalic  (peyas,  great  ;  KeepaXy,  head) 
skulls,  83 

Megaseme  {peyas  ;  arjpa,  index)  orbital 
index,  85 

Membrane  bones  of  head,  80 
Meningeal  grooves,  35,  40,  68,  71 
Mental  ( mentum ,  chin)  foramen,  58,  63 
protuberance,  58 
spines,  59 
tubercle,  58 

Mesaticephalic  (jueaaiTaTOs,  middlemost ;  KeepaXy, 
head)  skulls,  84 

Mesatipellic  (|ue<rairaTos ;  7reA\a,  bowl)  pelvis,  118 
Mesethmoid  {peaos,  middle  ;  i)9p6s,  sieve),  80 
Mesocephalic  (j ueaos  ;  KecpaX-fj,  head)  skulls,  83 
Mesognathous  (/ leaos ;  yva.9os,  jaw)  skulls,  85 
Mesorhine  {peaos ;  pis,  piv6s,  nose)  skulls,  85 
Mesoscapula,  91 

Mesoseme  {peaos ;  arjua,  index)  orbital  index,  85 
Mesosternum  {pea-os  ;  arepvov,  chest),  25 
Metacarpus  {pera,  beyond  ;  Kapiros,  wrist),  103 
ossification  of,  109 

Metapophysis  ( pera  ;  apophysis),  12,  23 
Metasternum  {pera. ;  arepvov,  chest),  25 
Metatarsus  {pera.-,  rapaos,  instep),  133 
ossification  of,  138 

Metopic  {perwirov,  forehead)  suture,  39 
Metopism,  39 

Microcephalic  {pinp6s,  small ;  KecpaX 77,  head) 
skulls,  83 

Microseme  {pucpts ;  arjpa,  index)  orbital  index,  85 
Mixed  bones,  4 

Morphology  {poptyri,  form  ;  \6yos,  discourse)  of 
bones  of  head,  78 
of  limbs,  140 
Mylo-hyoid  groove,  59 
ridge,  59 

Myrtiform  ( pvprov ,  myrtle-berry  ;  forma,  shape) 
fossa,  50 


Nares  (nostrils),  posterior,  68 
Nasal  ( nasus ,  nose)  aperture,  anterior,  62 
bone,  56,  80 

ossification  of,  77 
crest,  52,  53,  57,  71 
duct,  51,  57,  72 
fossae  or  cavities,  71,  82 
index,  85 

notch.  See  Notch. 
point,  83 

process.  See  Process. 
spine.  See  Spine. 
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Nasion,  83 

Navicular  (• naviculct ,  small  ship  or  boat)  bone  of 
foot,  t  3 1 ,  138 
homology  of,  144 

fossa,  47 
Neck  of  bone,  4 

Neural  (vevpov,  nerve)  arches  of  vertebras,  5,  21 
canal,  6 

spines  of  vertebrae,  5,  21 
Neuro-central  synchondrosis,  19 
Nose,  fossae  or  cavities  of,  71,  82 
meatuses  of,  48,  51,  53,  72 
septum  of,  71 

Notch,  acromio-scapular,  90 
of  bone,  4 
clavicular,  25 
coraco-scapular,  90 
cotyloid,  1 15 
ethmoidal,  36 
ilio-sciatic,  no,  114 
interclavicular,  25 
intercondylar,  121 
jugular,  34 
lachrymal,  51 
nasal,  of  frontal  bone,  37 
of  upper  jaw,  50 
popliteal,  126 
pterygoid,  47 
sacro-sciatic,  116 
scapular,  great,  90 
sciatic,  no,  114 
sigmoid,  59 
spheno-palatine,  55 
supraorbital,  37,  63,  64 
suprascapular,  90 
suprasternal,  25 
Notches  of  vertebrae,  5 
Number  of  bones,  4 


Obelion  (o/SeAds,  arrow  ;  d/3eAcua  pcupi],  sagittal 
suture),  83 

•Oblique  lines  of  lower  jaw,  58,  59 
of  radius,  98 
of  tibia,  126 
Obturator  crest,  113 
groove,  1 13 
foramen,  no,  115 
Occipital  bone,  31,  79 

ossification  of,  73 

crest,  external  and  internal,  32,  33 

foramen,  31,  68,  71 

fossae,  33 

groove,  41,  68 

point,  83 

protuberances,  31,  33 
Occipito-mastoid  suture,  62 
Occipito-parietal  suture,  61 

Odontoid  (bSdus,  gen.  obovros,  tooth ;  elbos, 
shape)  process,  8,  20,  21 
Olecranon  ( uAenpavov ,  point  of  elbow  ;  from 
wAevr),  elbow ;  Kpuviov,  head),  95 
fossa  of,  94 

Olfactory  groove,  49,  69 
Olivary  eminence,  43,  70 
Ophryon  ( o<ppvs ,  eyebrow),  83 
Opisthion  ( oiricrdios ,  hinder),  84 
Opisthotic  (omadei/,  behind  ;  ous,  gen.  d >t6s,  ear) 
portion  of  temporal  bone,  75 
Optic  foramen,  47,  63,  70 
groove,  43 


Orbit  ( orbita ,  circle),  63 
Orbital  arch,  37 

canals,  internal,  38,  49,  64,  69 
index,  85 

plate.  See  Plate. 
process.  See  Process. 
wing  of  sphenoid,  45,  76,  80 
Orbitosphenoid,  76,  80 

Orthognathous  ( opQos ,  upright ;  yi'dOos,  jaw) 
skulls,  85 
Os  acetabuli,  136 
calcis,  129 

homology  of,  144 
ossification  of,  138 
centrale,  103,  143 
coxae  (bone  of  hip),  no 
innominatum,  no 
linguae,  61 
magnum,  102,  108 

homology  of,  144 
planum,  48 
pubis,  no 

homology  of,  140,  144 
ossification  of,  136 
trigonum,  133,  144 
nnguis,  57 

Ossa  supr  aster nalia  (bones  above  sternum),  25 
Ossa  suturarum,  62 
Ossa  triquetra  (triangular  bones),  62 
Ossification,  3 

of  bones  of  head,  73 
of  bones  of  lower  limb,  136 
of  bones  of  upper  limb,  106 
of  ribs  and  sternum,  30 
of  vertebrae,  19 

Osteology  ( oaneov ,  bone  ;  A oyos,  discourse),  3 
Outlet  of  pelvis,  116 


Pacchionian  fossae,  36,  38,  68 
Palatals,  80 
Palate  bone,  53,  80 

ossification  of,  77 
hard,  52,  53,  67 
plate  of  palate  bone,  53,  72 

superior  maxilla,  50,  52,  72 
Palatine  canal,  accessory,  54,  67 
anterior,  52,  67 
posterior,  51,  54,  67 
small,  54,  67 
fossa,  anterior,  52,  67 
groove,  52,  67 
spine,  53 

Palato-maxillary  canal,  51,  54,  67 
Paramastoid  (napd,  beside ;  mastoid  process) 
process,  35 

Parapophysis  (nap  a  ;  apophysis ),  23 
Parietal  bone,  35,  80 

ossification  of,  74 
eminence,  35,  82 
fissure,  74 
foramen,  35,  68 
fossa,  35 

Parieto-mastoid  suture,  62 
Patella  (dish  or  plate),  124,  138,  144 
Pectoral  ridge,  93 
Pedicles  of  vertebrae,  5 
Pelvic  girdle,  140 
index,  118 

Pelvic  and  thoracic  limbs,  homologous  bones 
in,  142 
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Pelvis  (basin),  no,  115 
axis  of,  1 1 7 
brim  or  inlet  of,  1 1 5 
compared  with  shoulder,  140 
differences  in  the  sexes,  118 
dimensions  of,  1 1 8 

distinctive  characters  of,  in  man,  118,  145 

in  child,  137 

lower  or  true,  116 

outlet  of,  1 16 

position  of,  117 

upper  or  false,  1 1 6 

Periotic  (ir ep(,  around  ;  ovs,  wt6s,  ear)  portion  of 
temporal  bone,  75,  80 
Periosteum  ( irepi ;  oariov,  bone),  3 
Peroneal  {irepbvr],  pin  of  buckle,  fibula)  bone,  127 
spine,  130 

Petro- basilar  fissure,  68 

Petro-mastoid  portion  of  temporal  bone,  75,  80 
Petro-sphenoidal  fissure,  68 
ligament,  43,  47 
Petro-squamous  fissure,  42 
Petrosal  process  of  sphenoid,  44 
superior,  47 

Petrous  ( irirpa ,  rock)  portion  of  temporal  bone, 

39’  4L  75?  So?  82 

Phalanges  (<pa\ay£,  column  of  soldiers,  originally 
used  for  the  series  of  phalanges  or 
internodia  ;  or  possibly  from  <pa\av%, 
cylindrical  roller)  of  fingers,  105 
ossification  of,  109 
of  toes,  135 

ossification  of,  139 
Pharyngeal  tubercle,  34 
Pilaster  ed  femur ,  123 

Pisiform  {pisum,  pea  ;  forma,  shape)  bone,  101, 
144 

ossification  of,  108 

Pituitary  ( pituita ,  phlegm  or  mucus)  fossa,  43,  70 
Plagiocephaly  (7rA a-yios,  oblique  ;  Ke<f>a\r),  head), 
86 

Plate,  cribriform,  48,  49,  69,  71 
orbital,  of  ethmoid,  48,  63 

of  frontal  bone,  36,  63,  69 
palate,  of  palate  bone,  53,  72 
of  superior  maxilla,  52,  72 
pterygoid,  internal  and  external,  46,  47, 
64,  76,  80 

tympanic,  41,  75,  80 
vertical,  of  ethmoid,  48,  71,  76,  80 
of  palate  bone,  53,  65,  72 
Platycnemic  fXarvs,  broad  ;  Kvrpr),  tibia)  tibia. 
127 

Platypellic  (ttAcitvs;  7reAAa,  bowl)  pelvis,  118 
Platyrhine  crr\arvs ;  pis,  pivis,  nose)  skulls,  85 
Point,  alveolar,  83 
auricular,  84 
nasal,  83 
occipital,  83 
spinal  or  subnasal,  83 
supraorbital,  83 

Popliteal  ( poples ,  ham)  line,  126 
notch,  126 
surface  of  femur,  12 1 
Postauditory  process,  74 

Postaxial  {post, behind ;  axis)  borders  of  limbs,  2, 
142 

Postglenoid  process,  41 
Postscapula,  91  • 

Postsphenoid,  75 

Praeaxial  (prce,  before  ;  axis)  borders  of  limbs,  2, 
142 


Prehallux,  144 
Premaxillary  bone,  77,  So 
Prepollex,  144 
Prescapula,  91 
Presphenoid,  75,  80 
Presternum,  24 
Process  of  bone,  4 
acromion,  90 
alar,  of  ethmoid,  48 
alveolar,  of  superior  maxilla,  50,  52 
angular,  of  frontal  bone,  37 
auditory,  external,  41 
basilar,  31,  34,  67 
clinoid,  anterior,  45 
middle,  47 
posterior,  44 
cochleariform,  42 
coracoid,  90,  106,  140 
coronoid,  of  lower  jaw,  60,  64,  78 
of  ulna,  95 

descending,  of  lachrymal  bone,  57 
ensiform,  23,  25 

ethmoidal,  of  inferior  turbinate  bone,  58 
frontal,  of  malar  bone,  56 
hamular,  of  lachrymal  bone,  57 
of  sphenoid  bone,  47 
intrajugular,  of  occipital  bone,  34,  71 
jugular,  of  occipital  bone,  34,  68 
lachrymal,  of  inferior  turbinate  bone,  58 
malar,  of  upper  jaw,  50,  52 
marginal,  of  malar  bone,  56 
mastoid,  41,  64,  68,  75,  82 
maxillary,  of  inferior  turbinate  bone,  58 
of  palate  bone,  54 
nasal,  of  frontal  bone,  37 
of  upper  jaw,  50,  51 
odontoid,  8,  20,  21 
orbital,  of  malar  bone,  56,  63 

of  palate  bone,  53,  54,  63,  65 
palate,  of  upper  jaw,  50,  52,  72 
paramastoid,  35 
petrosal,  of  sphenoid,  44 
superior,  47 
postauditory,  74 
postglenoid,  41 
pterygoid,  43,  46,  65 
pyramidal,  of  palate  bone,  53,  54,  65,  68 
sphenoidal,  of  palate  bone,  53,  54,  65,  72 
spinous,  of  sphenoid  bone,  45 
styloid,  of  fibula,  127 
of  radius,  99 

of  temporal  bone,  42,  68,  75,  80 
of  ulna,  97 
supracondylar,  94 
temporal,  of  malar  bone,  56 
turbinate,  superior  and  inferior,  48,  49 
uncinate,  of  ethmoid  bone,  48,  53 
ungual,  of  phalanges,  105 
vaginal,  of  sphenoid,  47 

of  temporal  bone,  42,  68 
xiphoid,  25 
zygomatic,  40 

Processes,  accessory,  of  lumbar  vertebrae,  11,  23 
capitular,  of  dorsal  vertebrae,  23 
mamillary,  of  lumbar  vertebrae,  12,  23 
tubercular,  of  dorsal  vertebrae,  23 
of  vertebrae,  articular,  5,  6,  7,  8,  9,  1 1 
spinous,  5,  6,  7,  8,  9,  11 
transverse,  5,  6,  8,  9,  11,  16 
serial  relations  of,  21,  23 
Processus  cochleariformis  (spoon-shaped  pro¬ 
cess),  42 
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'  Processus — continued. 
dentatus,  8 

Prognathous  (v p6,  forward ;  7 vaQos,  jaw)  skulls, 

85 

Promontory  of  sacrum,  13,  115 
Pronator  ridge,  97 

Prootic  (7r po,  before  ;  ous,  gen.  cutos,  ear)  centre, 

Protuberance,  occipital,  external,  31 
internal,  33,  70 
mental,  58 

Pseudo-sacral  vertebrae,  23 
Pterion  (7 rrepov,  wing),  84 
Pterotic  centre,  75 

Pterygoid  (tt repv£,  wing  ;  ddos,  shape)  bones,  76, 
80 

canal,  47 
fossa,  46,  68 
notch,  47 

plates,  46,  47,  64,  76,  80 
process,  43,  46,  65 
tubercle,  47 

Ptery go -maxillary  fissure,  65 
Pterygo-palatine  canal,  47,  54,  65 
Pterygo- spinous  ligament,  47 
Pubic  {pubes,  hair  of  genitals,  &c.,  which  appears 
at  the  period  of  “puberty”)  bone.  See 
Os  Pubis. 
crest,  1 13 
spine,  1 13 

Pyramidal  bone,  101 

homology  of,  143,  144 
ossification  of,  108 

process  of  palate  bone,  53,  54,  65,  68 


Radial  fossa,  94 
Radiale,  143 

sesamoideum,  144 
Radius  (ray,  or  spoke  of  wheel),  97 
homology  of,  142,  144 
ossification  of,  107 

Ramus  (branch  ;  pi.  rami)  of  ischium,  113 
of  lower  jaw,  59 
of  pubic  bone,  113 
Recess,  spheno- ethmoidal,  72 
Ribs,  25 

cartilages  of,  25,  28 
ossification  of,  31 
Ridge  of  bone,  4 
gluteal,  12 1 

interosseous,  of  fibula,  128 
of  tibia,  126 
intertrochanteric,  120 
mvlo-hyoid,  59 
pectoral,  93 
pronator,  97 
superciliary,  37,  82 
supinator,  97 
Ridges,  supracondylar,  93 
Rostrum  (beak)  of  sphenoid  bor.e,  44 
Rotula  (dim.  of  rota ,  wheel),  124 


Sacral  canal,  15 
cornua,  14 
foramina,  14 
index,  15 

vertebrae,  5,  13,  20,  21 
pseudo  and  true,  23 


Sacro-sciatic  notch,  116 
Sacro -vertebral  angle,  18 

Sacrum  (05  sacrum,  translation  of  Upbv  oarove, 
great  bone  ;  also  called  Upos  cnt6rSv\os, 
great  vertebra,  e.g.,  in  Galen),  5,  13 
ossification  of,  20 
Sagittal  {sagitta,  arrow)  suture,  61 
fontanelle,  74 
Scalene  tubercle,  27 

Scaphocephaly  (a Katyn,  boat  ;  uetyaK-f],  head),  86 
Scaphoid  {(TKatyn ;  dSos,  shape)  bone  of  foot, 

131 

bone  of  hand,  101,  108 

homology  of,  143,  144 
fossa,  47 

Scapula  {scapulae,  back  of  shoulders),  87 
compared  with  ilium,  140,  145 
ossification  of,  106 
Scapular  index,  91 
notch,  great,  90 
Scarpa,  foramina  of,  52 
Sciatic  notches,  no,  114 
Sella  Turcica  (Turkish  saddle),  43,  70 
Semilunar  bone,  101,  108 
homology  of,  143,  144 
Sense-capsules  or  cavities,  81 
Septum  nasi,  71 
sphenoidal,  43 

Serial  homology  of  vertebrae,  21 
Sesamoid  {ernaagov,  kind  of  small  grain  ;  e!Sosr 
shape)  bones,  4 
fibular,  144 
of  foot,  135 
of  hand,  105 
radial,  144 
tibial,  144 
ulnar,  144 

Sexual  differences  in  skull,  82 
in  femur,  123 
in  pelvis,  118 
in  sacrum,  15 
Shin-bone,  124 
Short  bones,  4 

Shoulder  compared  with  pelvis,  140 
Sigmoid  (Q,  form  of  letter  aiyya,  sigma  ;  dSos? 
shape)  cavity  of  radius,  99 
cavities  of  ulna,  95 
notch  of  lower  jaw,  59 
Sinus  (hollow)  of  bone,  4 

frontal,  38,  72,  73,  74,  82 
maxillary  (or  antrum),  50,  53,  72,  77 
sphenoidal,  43,  72.  73,  76 
Sinuses,  air,  in  bones  of  head,  71,  82 
ethmoidal,  48,  72,  77 
Skeleton  (< tk4\\u ,  dry),  3 

adapted  to  erect  attitude,  145 
Skull,  anterior  region  of,  62 
as  a  whole,  61 
base  of,  external,  67 
internal,  68 
bones  of,  31 

difference  of,  from  animals,  78,  145 
differences  in,  from  age,  82 
race,  82 
sex,  82 

external  surface,  62 
forms  of,  82 

irregular,  85 
fossse  of  base  of,  68 
grooves  for  bloodvessels  in,  71 
homologies  of,  79 
interior  of,  68 
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lateral  region  of,  64 
measurement  of,  82 
morphology  of,  78 
ossification  of  bones  of,  73 
superior  region  of,  62 
sutures  of,  61 
vertebrate  theory  of,  81 
Spaces,  intercostal,  30 
Spheno-ethmoidal  recess,  72 
Sphenoid  (aQw,  wedge  ;  eldos,  shape)  bone,  43, 
80 

articulations  of,  43 
ossification  of,  75 
Sphenoidal  crest,  44 
fissure,  47,  63,  70 
foramen,  76 

process  of  palate  bone,  53,  54,  65,  72 
septum,  43 
sinus,  43,  72,  73,  76 
spongy  bones,  44,  76,  80 
turbinals,  80 
turbinate  bones,  44 
Spheno-maxillary  fissure,  63,  65 
fossa,  65 

Spheno-palatine  foramen,  55,  67,  72 
notch,  55 

Spheno-parietal  suture,  62 
Sphenotic  (<r(pr)v;  ovs ,  gen.  wt6s,  ear),  76 
Spinal  canal,  6 
furrow,  18 
point,  83 

Spine.  See  Vertebral  Column. 

Spine  of  bone,  4 
ethmoidal,  44 

of  ilium,  anterior  and  posterior,  1 10 
of  ischium,  114 
nasal,  of  frontal  bone,  38,  71 
of  palate  bone,  53 
of  upper  jaw,  50,  62 
neural,  5 
palatine,  53 
peroneal,  130 
of  os  pubis,  1 13 
of  scapula,  89 
of  tibia,  126 

trochlear,  of  frontal  bone,  39 
Spines,  mental,  59 

Spinous  processes  of  vertebrae.  See  Processes. 

of  sphenoid  bone,  45 
Spiral  groove,  93 

line  of  femur,  120,  12 1 
Splenial  bone,  78 

•Spongy  bones,  ethmoidal,  49,  72,  80 
inferior,  58,  72,  78.  80 
sphenoidal,  44,  76,  80 
Squamosals,  80 

Squamous  ( squama ,  scale)  portion  of  temporal 
bone,  39,  74,  80 
suture,  62 

Squamo-zygomatic,  39,  74,  80 
Stapes  (stirrup),  80 
Stensen,  foramina  of,  52 
Stephanion  (arecpauos,  crown),  84 
Sternal  foramen,  25,  31 
furrow  or  groove,  25 
ribs,  25 

Sternum  (aTepuov,  breast  or  chest),  23 
cleft,  25 

ossification  of,  30 
varieties  of,  25 
■Stylo -hyal,  75,  80 


Stylo-hyoid  ligament,  61,  78,  80 
Styloid  ( <ttv\os ,  style  or  pen  ;  e75os,  shaper 
process  of  fibula,  127 
of  radius,  99 

of  temporal  bone,  42,  68,  75,  80 
of  ulna,  97 

Stylo-mastoid  foramen,  42,  68 
Subcoracoid  ossification  of  scapula,  io5 
Subcostal  angle,  29 
groove,  26 
Subnasal  point,  83 
Subpubic  arch,  116,  118 
Subscapular  fossa,  88 
Sulcus  of  bone,  4 
frontal,  38 

Superciliary  ( supercilium ,  eyebrow  :  super , 
above  ;  cilium,  eyelid)  ridge,  37,  82 
Supinator  ridge,  97 
Supraclavicular  fossa,  87 
Supracondylar  lines  of  femur,  121 
process,  94 

ridges  of  humerus,  93 
Supramastoid  crest,  40 
Supraoccipital  bone,  73,  79 
Supraorbital  foramen,  3 7,  63,  64 
notch,  37,  63,  64 
point,  83 

Suprascapular  cartilage  or  bone,  107 
notch,  90 

Supraspinous  fossa,  88 
Suprasternal  notch,  25 
Supratrochlear  foramen,  95 
Sustentaculum  tali  (support  of  astragalus),  129 
Sutures  or  Suture  ( sutura ,  seam),  61 
closure  of,  62 
coronal,  61 
frontal,  39,  62,  74 
fronto-parietal,  61 
fr onto -temporal,  84 
interparietal,  61 
lambdoid,  61 
metopic,  39 
occipito-mastoid,  61 
occipito-parietal,  61 
parieto-mastoid,  62 
sagittal,  61 
spheno-parietal,  62 
squamous,  62 
temporo-parietal,  62 

Symphysis  (<rw,  with,  together  ;  <pvw,  grow)  of 
lower  jaw,  58 
pubis,  1 13 

Synostosis  (avv ;  oareov,  bone),  85 


Tables  of  skull,  68 
Tabular  bones,  4 

portion  of  occipital  bone,  31 
Talus  (die).  See  Astragalus. 

Tarsalia,  143 

Tarsus  ( rapaos ,  upper  surface  of  foot),  129 
homologies  of,  143,  144 
ossification  of,  138 
Tegmen  (cover)  tympani,  42 
Temporal  ( tempora ,  temples)  bone,  39,  80 

articulations  of,  39 
ossification  of,  74 
canal  of  malar  bone,  56,  64 
crest,  37,  64 
fossa,  64 
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Temporal — continued. 
lines,  35,  64 

process  of  malar  bone,  56 
surface  of  frontal  bone,  37 
of  parietal  bone,  35 
of  sphenoid  bone,  46 
wings  of  sphenoid,  45 
Temporo-parietal  suture,  62 
Terms,  descriptive,  1 
Thigh-bone,  118 
Thoracic  vertebrae,  9 
Thorax  (0a>pa£,  breast-plate), 
as  a  whole,  29,  145 
Thyroliyals,  80 
Thyroid  foramen,  115 
Tibia  (pipe  or  flute),  124 
homology  of,  142,  144 
ossification  of,  138 
Tibiale,  143 

sesamoid  eum,  144 
Toes,  bones  of,  135,  138 

Toreular  (wine  or  oil-press,  transl.  of  \rju6s  of 
Herophilus,  meaning  cistern)  Herophili,  33 
Torsion  of  femur,  123 
of  humerus,  94 
of  tibia,  127 

Torus  (elevation)  occipitalis  transversus,  34 
Tractus  spiralis  foraminulentus,  43 
Transverse  processes  of  vertebrae,  5,  6,  8,  9,  11, 
16,  21,  23 

Trapezium  (rpaneCiov,  geometrical  figure,  dim.  of 
rpaireCa,  table  or  board),  102,  108,  144 
Trapezoid  bone,  102,  10S,  144 
line,  87 

Trochanter  ( TpoxavTrjp ,  runner,  that  which  re¬ 
volves,  connected  with  rpoxafy  or  rpoxacc, 
run  along,  revolve),  great,  119 
small,  120 
third,  123 

Trochanteric  fossa,  119 

Trochlea  (rpox^ia,  pulley)  of  humerr.s,  94 

Trochlear  fossa,  37 

surface  of  femur,  121 
True  ribs,  25 
vertebrae,  5 
Tubercle  of  bone,  4 
adductor,  121 
of  astragalus,  13 1 
co.noid,  of  cla  vicle,  87 
deltoid,  of  clavicle,  87 
of  femur,  119 
mental,  58 
of  os  calcis,  129 
pharyngeal,  34 
pterygoid,  47 
of  quadratus,  120 
of  radius,  99 
scalene,  27 
of  scaphoid  bone,  101 
of  tibia,  126 

of  twelfth  dorsal  vertebra,  external,  inferior 
and  superior,  1 1 
of  zygoma,  40 

Tubercular  processes  of  dorsal  vertebrae,  23 
Tuberosity  of  bone,  4 
of  cuboid,  132 
of  humerus,  91 
bicipital,  98 
of  femur,  122 

of  fifth  metatarsal  bone,  135 
of  first  metatarsal  bone,  133 
of  ischium,  113 


Tuberosity — continued. 
malar,  55 
of  olecranon,  95 
of  os  calcis,  129 
of  palate  bone,  53,  54 
of  ribs,  26 
of  scaphoid,  13 1 
of  superior  maxillary  bone,  50 
of  tibia,  124,  126 
of  ulna,  95 

Turbinate  (coiled,  from  turbo,  whirl)  bones. 
See  Spongy  Bones. 
crest,  51,  53 

processes,  inferior  and  superior,  48,  49 
Tympanic  ( tympanum ,  drum  of  ear)  bone,  74, 
80 

plate,  41,  75,  80 

75 

Tympanohyal,  75,  So 
Tympanum,  41 


Ulna  (w\evri,  elbow),  95 

compared  with  bones  of  leg,  142 
ossification  of,  108 

Ulnare,  143 

sesamoideum,  144 

Unciform  {uncus,  hook  ;  forma ,  shape)  bone, 
103,  108,  143 

Uncinate  (uncus)  process  of  ethmoid  bone,  48, 

53 

Ungual  ( unguis ,  nail),  phalanges,  105,  109 


Vaginal  (vagina,  sheath)  process  of  sphenoid 
bone,  47 

of  temporal  bone,  42,  68 

Venter  (belly)  of  scapula,  88 

Vertebra  dentata,  8 
prominens,  9 

Vertebra  ( verto ,  turn),  5 
cervical,  6 
first,  7 
second,  8 
seventh,  8 
coccygeal,  16 
dorsal,  9 
false  or  fixed,  5 
general  characters  of,  5 
groups  of,  6 
homology  of,  21 
lumbar,  1 1 
moveable,  5 
number  of,  5 

varieties  in,  12 
ossification  of,  19 
pseudo-sacral,  23 
sacral,  13 
thoracic,  9 
true,  5 

Vertebral  column,  5 

as  a  whole,  18 
in  child  and  in  adult,  145 
curves  of,  18 
Ossification  of,  19 
grooves,  18 
groove  of  atlas,  8 
notches,  5 

Vertebrarterial  foramen,  6 
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Vertebrate  theory  of  skull,  81 
Vertical  plate  of  ethmoid,  48.  71 
of  palate,  53,  65,  72 
Vesalius,  foramen  of,  47 
Vestibule,  aqueduct  of,  42 
Vidian  canal,  47,  65,  70 
Vitreous  ( vitrum ,  glass)  table  of  skull,  68 
Vomer  (ploughshare),  55,  71,  80 
ossification  of,  77 


Wings  of  sphenoid  bone,  43,  45 
Wormian  bones,  62,  68,  74 


Xip hist eunum  (|u|>os,  sword  ;  aTepvov ,  breast), 
25 


Zygapophyses  (£uy,  root  of  £evyw(u}  yoke,  or 
join  together  ;  apophysis),  5,  21 
Zygoma  (cross-bar  or  bolt,  from  root  above 
given),  40 
Zygomatic  arch,  64 
fossa,  64 


END  OF  PART  I. 
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Students.  With  Coloured  Plate,  and  99  Woodcuts.  8vo,  12 s. 

OUTLINES  OF  EQUINE  ANATOMY;  a  Manual  for  the  use  of 
Veterinary  Students  in  the  Dissecting  Room.  Crown  8vo,  Js.  6 d. 


“STONEHENGE.”  THE  DOG  IN  HEALTH  AND  DISEASE. 

By  “STONEHENGE.”  With  84  Wood  Engravings.  Square  crown  8vo,  7s.  6d. 


THORNTON.  HUMAN  PHYSIOLOGY.  By  JOHN  THORNTON, 

M.A. ,  Author  of  “Elementary  Physiography,”  “Advanced  Physiography,” 
&c.  With  267  Illustrations,  some  of  which  are  Coloured.  Crown  8vo,  6s. 


T1RARD.  DIPHTHERIA  AND  ANTITOXIN.  By  nestor 

TIRARD,  M.D.  Lond.,  Fellow  of  the  Royal  College  of  Physicians  ;  Fellow 
of  King’s  College,  London  ;  Professor  of  Materia  Medica  and  Therapeutics  at 
King’s  College  ;  Physician  to  King’s  College  Hospital ;  and  Senior  Physician 
to  the  Evelina  Hospital  for  Sick  Children.  8vo,  Js.  6d. 
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WALLER.  AN  INTRODUCTION  TO  HUMAN  PHYSIOLOGY. 

By  AUGUSTUS  D.  WALLER,  M.D.,  Lecturer  on  Physiology  at  St.  Mary’s 
Hospital  Medical  School,  London  ;  late  External  Examiner  at  the  Victorian 
University.  Second  Edition,  Revised.  With  305  Illustrations.  8vo,  I'8j. 


WALLER  AND  SYMES.  EXERCISES  IN  PRACTICAL 
PHYSIOLOGY.  By  AUGUSTUS  D.  WALLER,  M.D.,  F.R.S. 
Part  I.  Elementary  Physiological  Chemistry.  By  AUGUSTUS  D. 
WALLER,  M.D.,  and  W.  LEGGE  SYMES.  8vo,  sewed,  is.  net. 


WEICHSELBAUM.  THE  ELEMENTS  OF  PATHOLOGICAL 
HISTOLOGY,  With  Special  Reference  to  Practical  Methods. 
By  Dr.  ANTON  WEICHSELBAUM,  Professor  of  Pathology  in  the 
University  of  Vienna.  Translated  by  W.  R.  DAWSON,  M.D.  (Dub.), 
Demonstrator  of  Pathology  in  the  Royal  College  of  Surgeons,  Ireland,  late 
Medical  Travelling  Prizeman  of  Dublin  University,  &c.  With  221  Figures, 
partly  in  Colours,  a  Chromo-lithographic  Plate,  and  7  Photographic  Plates. 
Royal  8vo,  21  s.  net. 


WILKS  AND  MOXON.  LECTURES  ON  PATHOLOGICAL 
ANATOMY.  By  SAMUEL  WILKS,  M.D.,  F.R.S. ,  Consulting  Physician 
to,  and  formerly  Lecturer  on  Medicine  and  Pathology  at,  Guy’s  Hospital,  and 
the  late  WALTER  MOXON,  M.D.,  F.R.C.P.,  Physician  to,  and  some  time 
Lecturer  on  Pathology  at,  Guy’s  Hospital.  Third  Edition,  thoroughly  Re¬ 
vised.  By  SAMUEL  WILKS,  M.D.,  LL.D.,  F.R.S.  8vo,  i8j. 


YOU  ATT. —  WORKS  by  WILLIAM  YOU  ATT. 

THE  HORSE.  Revised  and  Enlarged  by  W.  WATSON,  M.R.C.V.S. 
With  52  Woodcuts.  8vo,  Js.  6 d. 

THE  DOG.  Revised  and  Enlarged.  With  33  W’oodcuts.  8vo,  6 s. 


(Sutural  Sbzuntifu  Morhs. 


BENNETT  AND  MURRAY.  A  HANDBOOK  OF  CRYP- 
TOGAMIC  BOTANY.  By  A.  W.  BENNETT,  M.A.,  B.Sc.,  F.L.S., 
and  GEORGE  R.  MILNE  MURRAY,  F.L.S.  With  378  Illustrations. 
8vo,  1 6s. 


CLERKE.  THE  SYSTEM  OF  THE  STARS.  By  AGNES  M. 

CLERKE,  Author  of  “A  History  of  Astronomy  during  the  Nineteenth 
Century.”  With  6  Plates  and  Numerous  Illustrations.  8vo,  2 is. 
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CLOD D.—  WORKS  by  EDWARD  CLODD,  Author  of“  The  Childhood 

of  the  World,"  &c. 

THE  STORY  OF  CREATION.  A  Plain  Account  of  Evolution. 
With  77  Illustrations.  Crown  8vo,  3^.  6 d. 


A  PRIMER  OF  EVOLUTION  :  being  a  Popular  Abridged  Edition  of 
“The  Story  of  Creation.”  With  Illustrations.  Fcp.  8vo,  is.  6  d. 


CROOKES.  SELECT  METHODS  IN  CHEMICAL  ANALYSIS 

(chiefly  Inorganic).  By  W.  CROOKES,  F.R.S.,  V.P.C.S.,  Editor  of 
“The  Chemical  News.”  Third  Edition,  re-written  and  enlarged.  Illus¬ 
trated  with  67  Woodcuts.  8vo,  21  s.  net. 


CULLEY.  A  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 

By  R.  S.  CULLEY,  M.I.C.E.,  late  Engineer-in-Chief  of  Telegraphs  to  the 
Post  Office.  With  135  Woodcuts  and  17  Plates,  8vo,  1 6s. 


DU  BOIS.  THE  MAGNETIC  CIRCUIT  IN  THEORY  AND 
PRACTICE.  By  Dr.  H.  DU  BOIS,  Privat-docent  in  the  University  of 
Berlin.  Translated  from  the  German  by  Dr.  E.  ATKINSON.  With 
94  Illustrations.  8vo,  12 s.  net. 


EBERT.  MAGNETIC  FIELDS  OF  FORCE:  An  Exposition  of 

the  Phenomena  of  Magnetism,  Electromagnetism,  and  Induction,  based  on 
the  Conception  of  Lines  of  Force.  By  H.  EBERT,  Professor  of  Physics 
in  the  University  of  Kiel.  Translated  by  C.  V.  BURTON,  D. Sc.  Part  I. 
With  93  Illustrations.  8vo,  lew.  6d.  net. 


GANOT.  ELEMENTARY  TREATISE  ON  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Translated 
and  edited  from  Ganot’s  Elements  de  Physique  (with  the  Author’s  sanction) 
by  E.  ATKINSON,  Ph.D.,  F.C.S.,  formerly  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Fourteenth  Edition,  revised  and  enlarged, 
with  9  Coloured  Plates  and  1,028  Woodcuts.  Large  crown  8vo,  15^. 

NATURAL  PHILOSOPHY  FOR  GENERAL  READERS 
AND  YOUNG  PERSONS  ;  Translated  and  Edited  from  Ganot’s 
Cours  Elementaire  de  Physique  (with  the  Author’s  sanction)  by  E.  ATKIN¬ 
SON,  Ph.D.,  F.C.S.  Eighth  Edition,  carefully  revised;  with  7  Plates, 
624  Woodcuts,  and  an  Appendix  of  Questions.  Crown  8vo,  qs.  6 d. 


PUBLISHED  BY  LONGMANS ,  GREEN  6r*  CO. 
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GOODE  VE. —  WORKS  by  T.  M.  GOOD  EVE,  M.A.,  Barrister-at- 

Law  ;  formerly  Professor  of  Mechanics  at  the  Normal  School  of  Science  and  the  Royal 
School  of  Mines. 

PRINCIPLES  OF  MECHANICS.  New  Edition,  re-written  and 

enlarged.  With  253  Woodcuts  and  numerous  Examples.  Crown  8vo,  6s. 

THE  ELEMENTS  OF  MECHANISM.  New  Edition,  re-written 
and  enlarged.  With  342  Woodcuts.  Crown  8vo,  6s. 

A  MANUAL  OF  MECHANICS  :  an  Elementary  Text-Book  for 

Students  of  Applied  Mechanics.  With  138  Illustrations  and  Diagrams,  and 
141  Examples  taken  from  the  Science  Department  Examination  Papers,  with 
Answers.  Fcp.  8vo,  2 s.  6d. 


HELMHOLTZ.—  WORKS  by  HERMANN  L.  F.  HELMHOLTZ , 

M.D. ,  late  Professorof  Physics  in  the  University  of  Berlin. 

ON  THE  SENSATIONS  OF  TONE  AS  A  PHYSIOLOGICAL 
BASIS  FOR  THE  THEORY  OF  MUSIC.  Second  English 

Edition  ;  with  numerous  additional  Notes,  and  a  new  Additional  Appendix, 
bringing  down  information  to  1885,  and  specially  adapted  to  the  use  of 
Musical  Students.  By  ALEXANDER  J.  ELLIS,  B.A.,  F.R.S.,  F.S.A., 
&c.,  formerly  Scholar  of  Trinity  College,  Cambridge.  With  68  Figures 
engraved  on  Wood,  and  42  Passages  in  Musical  Notes.  Royal  8vo,  28^. 

POPULAR  LECTURES  ON  SCIENTIFIC  SUBJECTS.  With 

68  Woodcuts.  2  Vols.  crown  8vo,  3s.  6d.  each. 


HERSCHEL.  OUTLINES  OF  ASTRONOMY.  By  Sir  JOHN  F. 

W.  HERSCHEL,  Bart.,  K.H.,  &c,,  Member  of  the  Institute  of  France. 
Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams.  8vo,  12 s. 


HUDSON  AND  GOSSE.  THE  ROTIFERA  OR  ‘  WHEEL 
ANIMALCULES.’  By  C.  T.  HUDSON,  LL.D.,  and  P.  H.  GOSSE, 
F.R.S.  With  30  Coloured  and  4  Uncoloured  Plates.  In  6  Parts.  4to,  price 
1  os.  6 d.  each  ;  Supplement,  12 s.  6 d.  Complete  in  Two  Volumes,  with 
Supplement,  4to,  £4  4 s. 

***  The  Plates  in  the  Supplement  contain  figures  of  almost  all  the  Foreign 
Species,  as  well  as  of  the  British  Species,  that  have  been  discovered  since  the 
original  publication  of  Vols.  I.  and  II. 


JOUBERT.  ELEMENTARY  TREATISE  ON  ELECTRICITY 
AND  MAGNETISM.  Founded  on  Jou bert’s  “  Trait  e  Elementaire 
d'  Electr  idle  P  By  G.  C.  FOSTER,  F.  R.S.,  Quain  Professor  of  Physics  in 
University  College,  London;  and  E.  ATKINSON,  Ph.D.,  formerly  Pro¬ 
fessor  of  Experimental  Science  in  the  Staff  College.  With  381  Illustrations. 
Crown  8vo,  Js.  6d. 
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KOLBE.  A  SHORT  TEXT-BOOK  OF  INORGANIC  CHE¬ 
MISTRY.  By  Dr.  HERMANN  KOLBE,  late  Professor  of  Chemistry 
in  the  University  of  Leipzig.  Translated  and  Edited  by  T.  S.  HUM- 
PIDGE,  Ph.  D. ,  B.  Sc.  (Lond.),  late  Professor  of  Chemistry  and  Physics  in 
the  University  College  of  Wales,  Aberystwyth.  New  Edition.  Revised  by 
H.  Lloyd-Snape,  Ph.D.,  D.Sc.  (Lond.).  Professor  of  Chemistry  in  the  Uni¬ 
versity  College  of  Wales,  Aberystwyth.  With  a  Coloured  Table  of  Spectra 
and  66  Woodcuts.  Crown  8vo,  8 s.  6d. 


LARDEN.  ELECTRICITY  FOR  PUBLIC  SCHOOLS  AND 

COLLEGES.  With  numerous  Questions  and  Examples  with  Answers, 
and  214  Illustrations  and  Diagrams.  By  W.  LARDEN,  M.A.  Crown  8vo,  6j. 


LEWIS.  PAPERS  AND  NOTES  ON  THE  GENESIS  AND 
MATRIX  OF  THE  DIAMOND.  By  the  late  HENRY  CAR- 
VILL  LEWIS,  M.A.,  F.G.S.,  Professor  of  Mineralogy  in  the  Academy  of 
Natural  Sciences,  Philadelphia,  Professor  of  Geology  in  Haverford  College, 
U.S.A.  Edited  from  his  unpublished  MSS.  by  Professor  T.  G.  BONNEY, 
D.Sc.,  LL.D.,  F.  R.  S.,  &c.  \In  the  press. 


LINDLEY  AND  MOORE.  THE  TREASURY  OF  BOTANY, 
OR  POPULAR  DICTIONARY  OF  THE  VEGETABLE 

KINGDOM  :  with  which  is  incorporated  a  Glossary  of  Botanical  Terms. 
Edited  by  J.  LINDLEY,  M.D.,  F.R.S.,  and  T.  MOORE,  F.L.S.  With 
20  Steel  Plates,  and  numerous  Woodcuts.  2  Parts,  fcp.  8vo,  price  12 s. 


LOWELL.  MARS.  By  PERCIVAL  LOWELL,  Fellow  American  Academy, 
Member  Royal  Asiatic  Society,  Great  Britain  and  Ireland,  &c.  With  24 
Plates.  8vo,  I2J-.  6 d. 

***  The  book  is  written  in  a  style  suitable  for  the  general  reader,  and  the 
most  recent  speculations  as  to  the  planet  being  inhabited,  the  possible  canals, 
oases,  &c.,  are  discussed. 


MARTIN.  NAVIGATION  AND  NAUTICAL  ASTRONOMY. 

Compiled  by  Staff-Commander  W.  R.  MARTIN,  R.N.,  Instructor  in 
Surveying,  Navigation,  and  Compass  Adjustment ;  Lecturer  on  Meteorology 
at  the  Royal  Naval  College,  Greenwich.  Sanctioned  for  use  in  the  Royai 
Navy  by  the  Lords  Commissioners  of  the  Admiralty.  Royal  8vo,  i8j. 


MENDELEEFF.  THE  PRINCIPLES  OF  CHEMISTRY.  By 

D.  MENDELEEFF,  Professor  of  Chemistry  in  the  University  of  St. 
Petersburg.  Translated  by  GEORGE  KAMENSKY,  A.R.S.M.  of  the 
Imperial  Mint,  St.  Petersburg,  and  Edited  by  A.  J.  GREENAWAY,  F.I.C., 
Sub-Editor  of  the  Journal  of  the  Chemical  Society.  With  97  Illustrations. 
2  Vols.  8vo,  3 6s. 


MEYER.  OUTLINES  OF  THEORETICAL  CHEMISTRY. 

By  LOTHAR  MEYER,  Professor  of  Chemistry  in  the  University  of  Tubin¬ 
gen.  Translated  by  Professors  P.  PHILLIPS  BEDSON,  D.Sc.,  and  W. 
CARLETON  WILLIAMS,  B.Sc.  8vo,  gs. 
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MITCHELL.  MANUAL  OF  PRACTICAL  ASSAYING.  By 
JOHN  MITCHELL,  F.C.S.  Sixth  Edition.  Edited  by  W.  CROOKES, 
F.R.S.  With  201  Woodcuts.  8vo,  31J.  6 d. 


MORGAN.  ANIMAL  BIOLOGY.  An  Elementary  Text  Book.  By 
C.  LLOYD  MORGAN,  Principal  of  University  College,  Bristol.  With 
numerous  Illustrations.  Crown  8vo,  8.r.  6 d. 


MOSSO.  FEAR.  By  ANGELO  MOSSO.  Translated  from  the  Fifth 
Edition  of  the  Italian  by  E.  LOUGH  and  F.  KIESOW.  With  8  Illustra¬ 
tions.  Crown  8vo,  Js.  6 d. 

*#*  This  book  deals  with  much  more  than  is  conveyed  by  the  title.  It  is, 
in  fact,  a  series  of  essays  on  the  expression  of  the  emotions,  dealing  more 
especially  with  the  painful  emotions.  Although  the  subject  is  treated  in  a 
measure  scientifically,  i.e .,  physiologically,  the  book  is  not  intended  solely  for 
the  scientific  public. 


MUIR.  THE  ALCHEMICAL  ESSENCE  AND  THE  CHEMICAL 

ELEMENT  :  an  Episode  in  the  Quest  of  the  Unchanging.  By  M.  M.  PATTI- 
SON  MUIR,  Fellow  of  Gonville  and  Caius  College,  Cambridge.  8vo.  4^.  6d. 


OSTWALD.  SOLUTIONS.  By  W.  OSTWALD,  Professor  of  Chemistry 
in  the  University  of  Leipzig.  Being  the  Fourth  Book,  with  some  additions, 
of  the  Second  Edition  of  Ostwald’s  “  Lehrbuch  der  Allgemeinen  Chemie.” 
Translated  by  M.  M.  PATTISON  MUIR,  Professor  of  Gonville  and  Caius 
College,  Cambridge.  8vo,  ioj.  6d. 


PAYEN.  INDUSTRIAL  CHEMISTRY  ;  A  Manual  for  use  in  Tech¬ 
nical  Colleges  or  Schools,  also  for  Manufacturers  and  others,  based  on  a 
Translation  of  Stohmann  and  Engler’s  German  Edition  of  Payen’s  Precis  de 
Chimie  Industrielle .  Edited  and  supplemented  with  Chapters  on  the  Chemistry 
of  the  Metals,  See.,  by  B.  H.  PAUL,  Ph.D.  With  698  Woodcuts.  8vo,  42^. 


PROCTOR. —  WORKS  by  RICHARD  A.  PROCTOR. 


OLD  AND  NEW  ASTRO¬ 
NOMY.  By  Richard  A. 
Proctor  and  A.  Cowper 
Ran  yard.  With  31  Plates  and 
472  Illustrations.  Text.  4to,  21s. 

LIGHT  SCIENCE  FOR 
LEISURE  HOURS  ;  Familiar 
Essays  on  Scientific  Subjects, 
Natural  Phenomena,  &c.  3  Vols. 
Crown  8vo,  5*.  each. 


THE  ORBS  AROUND  US  ;  a 
Series  of  Essays  on  the  Moon  and 
Planets,  Meteors,  and  Comets. 
With  Chart  and  Diagrams.  Crown 
8vo,  3^.  6d. 

OTHER  WORLDS  THAN 
OURS  ;  The  Plurality  of  Worlds 
Studied  under  the  Light  of  Recent 
Scientific  Researches.  With  14 
Illustrations.  Crown  8vo,  3J.  6d. 

[  Continued. 
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PROCTOR. —  WORKS  by  RICHARD  A.  PROCTOR— continued. 


THE  MOON  ;  her  Motions,  As¬ 
pects,  Scenery,  and  Physical 
Condition.  With  Plates,  Charts, 
Woodcuts,  and  Lunar  Photo¬ 
graphs.  Crown  8vo,  5-r. 

UNIVERSE  OF  STARS  ;  Pre-  i 
senting  Researches  into  and  New  j 
Views  respecting  the  Constitution  I 
of  the  Heavens.  With  22  Charts  ! 
and  22  Diagrams.  8vo.  10 s.  6 d.  I 

LARGER  STAR  ATLAS  for 
the  Library,  in  12  Circular  Maps, 
with  Introduction  and  2  Index 
Pages.  Folio,  15J.,  or  Maps 
only,  12^.  6 d. 

NEW  STAR  ATLAS  for  the 
Library,  the  School,  and  the  Ob¬ 
servatory,  in  12  Circular  Maps 
(with  2  Index  Plates).  Crown 
8vo,  5 s. 

OTHER  SUNS  THAN  OURS  : 
a  Series  of  Essays  on  Suns — Old, 
Young,  and  Dead.  With  other 
Science  Gleanings,  Two  Essays 
on  Whist,  and  Correspondence 
with  Sir  John  Herschel.  With 
9  Star-Maps  and  Diagrams. 
Crown  8 vo,  3^.  6d. 

HALF-HOURS  WITH  THE 
TELESCOPE  :  a  Popular  Guide 
to  the  Use  of  the  Telescope  as  a 
Means  of  Amusement  and  Instruc¬ 
tion.  With  7  Plates.  Fcap.  8vo, 

2s.  6 d. 

THE  SOUTHERN  SKIES: 
a  Plain  and  Easy  Guide  to  the 
Constellations  of  the  Southern 
Hemisphere.  Showing  in  12 
Maps  the  position  of  the  principal 
Star-Groups  night  after  night 
throughout  the  year.  With  an 
Introduction  and  a  separate  Ex¬ 
planation  of  each  Map.  True  for 
every  Year.  4to,  5-r. 


HALF-HOURS  WITH  THE 
STARS  :  a  Plain  and  Easy  Guide 
to  the  Knowledge  of  the  Con¬ 
stellations.  Showing  in  12  Maps 
the  position  of  the  principal  Star- 
Groups  night  after  night  through¬ 
out  the  Year.  With  Introduction 
and  a  separate  Explanation  of 
each  Map.  True  for  every  Year. 
4to,  3*.  6 d. 

THE  STARS  IN  THEIR  SEA¬ 
SONS.  An  Easy  Guide  to  a 
Knowledge  of  the  Star  Groups,  in 
12  Large  Maps.  Imperial  8vo,  $s. 

OUR  PLACE  AMONG  IN¬ 
FINITIES  :  a  Series  of  Essays 
contrasting  our  Little  Abode  i 
Space  and  Time  with  the  Infini¬ 
ties  around  Us.  Crown  8vo,  3^.  6d. 

ROUGH  WAYS  MADE 
SMOOTH.  Familiar  Essays 
on  Scientific  Subjects.  Crown 
8vo,  3^.  6 d. 

THE  EXPANSE  OF  HEAVEN. 
Essays  on  the  Wonders  of  the 
Firmament.  Crown  8vo,  35.  6d. 

PLEASANT  WAYS  IN 
SCIENCE.  Crown  8vo,  3^.  6d. 

MYTHS  AND  MARVELS  OF 
ASTRONOMY.  Crown  8vo, 
3s-  6d. 

NATURE  STUDIES.  By 
Grant  Allen,  A.  Wilson, 
T.  Foster,  E.  Clodd,  and  R.A. 
Proctor.  Crown  8vo,  31.  6d. 

LEISURE  READINGS.  ByE. 
Clodd,  A.  Wilson,  T.  Foster, 
A.  C.  Runyard,  and  R.  A. 
Proctor.  Crown  8vo,  y.  6d. 

STRENGTH:  How  to  get  Strong 
and  keep  Strong,  with  Chapters 
on  Rowing  and  Swimming,  Fat, 
Age,  and  the  Waist.  With  9  Il¬ 
lustrations.  Crown  8vo,  2 s. 
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REYNOLDS.  EXPERIMENTAL  CHEMISTRY  for  Junior  Students. 
By  J.  EMERSON  REYNOLDS,  M.D.,  F.R.S.,  Professor  of  Chemistry,  Univ. 
of  Dublin.  Fcp.  8vo,  with  numerous  Woodcuts. 

Part  I. — Introductory ,  is.  6d.  Part  III. — Metals  and  Allied  Bodies,  3 .s'.  6 d. 
Part  II. — Non-Metals ,  2s.  6d.  Part  IV. — Chemistry  of  Carbon  Compounds,  45. 


ROMANES.—  WORKS  by  GEORGE  JOHN  ROMANES,  M.A., 

LL.D.,  F.R.S. 

DARWIN,  AND  AFTER  DARWIN:  an  Exposition  on  the  Darwinian 
Theory,  and  a  Discussion  on  Post- Darwinian  Questions.  Part  I.  The  Dar¬ 
winian  Theory.  With  Portrait  of  Darwin  and  125  Illustrations.  Crown  8vo, 
10s.  6 d.  Part  II.  Post-Darwinian  Questions  :  Heredity  and  Utility. 
With  Portrait  of  the  Author  and  5  Illustrations.  Crown  8vo,  io*.  6d. 

AN  EXAMINATION  OF  WEISMANNISM.  Cr.  8vo,  6s. 

ESSAYS.  Edited  by  C.  LLOYD  MORGAN,  Principal  of  University  Col¬ 
lege,  Bristol.  Crown  8vo,  6s. 

Contents  :  Primitive  Natural  History — The  Darwinian  Theory  of  Instinct 
— Man  and  Brute — Mind  in  Men  and  Animals — Origin  of  Human  Faculty — 
Mental  Differences  between  Men  and  Women — What  is  the  Object  of  Life? 
— Recreation — Hypnotism — Hydrophobia  and  the  Muzzling  Order. 


SLINGO  AND  BROOKER.  ELECTRICAL  ENGINEERING 
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